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THE SECOND ARTIFICIAL EARTH SATELLITE 


N the morning of November 3, the U.S.S.R. 

announced from Moscow the launching of the 
second artificial Earth satellite—about a month 
after the launching, on October 4, of the first (Nature, 
October 12, p. 719). 

According to preliminary reports from Moscow, the 
mass of this second satellite is about half a ton, that 
is, six times greater than the first. The total mass of 
the last-stage carrier rocket and the satellite itself 
is estimated as being about one ton. The new satel- 
lite is now said to be travelling on an orbit inclined 
at about 65° to the equator, taking about 103 minutes 
to encircle the Earth at the rate of 17,840 miles per 
hour, and attaining a maximum height of about nine 
hundred miles. Whereas the first satellite (named 
by the Russians Sputnik) was launched in a north- 
east direction, the second satellite (Novosputnik) was 
launched towards the south-east. 

First recordings of signals were obtained at 6 a.m. 
on November 3 at the Mullard Radio Astronomy 
Observatory, Cambridge, the ‘bleep’ signals being 
recorded on 20 Me./s. and 40 Mc./s. ; a hissing sound 
is also emanating from the satellite. 

For the first time in history, a living mammal 
from the Earth is travelling in an Earth satellite, for 
the second one is carrying a dog: at the time of 
writing it was “‘calm and behaving normally” accord- 
ing to Russian reports. From apparatus connected 
with the animal, it is hoped to obtain data concerning 
respiration, heart-beat, blood-pressure and tempera- 
ture, among other things. Additional apparatus 
installed in the satellite will signal data concerning 
cosmic rays and radiations from the Sun. 

The launching of the second satellite is staggering 
in itself; but some Russian scientists have stated 
that it is hoped that the dog will return alive. They 
claim to have solved the immensely difficult ‘re-entry’ 
problem ; that is, safe passage through the atmosphere 
in spite of the great heat generated through friction. 
This possibility will be watched with the keenest 
interest. The greatest peril which the animal is facing 
is the absence, or considerable reduction in strength, of 
gravity ; also it is conceivable that cosmic rays at 
that height may have a fatal effect on the nervous 
system. 

One could express nothing but the greatest admira- 
tion for the work of the Russian scientists and tech- 
nologists when they succeeded in launching the first 
satellite about five weeks ago. Indeed, valuable 
information is still being gleaned from this, which, 
contrary to the initial beliefs and statements of some 
men of science, is still travelling along its orbit (as 
also is its last-stage rocket carrier). This satellite 
has completed well-nigh 500 circuits. The orbit of the 
second satellite is claimed to be more satisfactory 
from the point of view of getting scientific results, 
and it is believed that it will have a longer life 
than the first. Moreover, according to Prof. B. 
Ukarkin, deputy chairman of the Astronomical 


Council of the Moscow Academy of Sciences, its signals 
will be more easily recorded and interpreted; the 
second satellite will also be more easily seen and for 
a longer time. 

Last week (November 2) Nature was able to publish 
observations on the first satellite made by the staff 
of the Mullard Radio Observatory, Cambridge. In 
this issue, there follow articles from the staffs of the 
Royal Aircraft Establishment, Farnborough, and 
Jodrell Bank Experimental Station (University of 
Manchester), and other communications setting out 
still further valuable observations. Indeed, it is hoped 
that results obtained in other countries will be avail- 
able for publication in due course. 

There is no gainsaying the fact that scientists 
throughout the world are at present astonished at 
the weight of the second satellite. The technology 
involved, especially concerning the rocket propulsion 
needed to launch such a weight, challenges the imagin- 
ation. Academician Dikushin is reported to have said 
that new sources of power were used. Moreover, 
it must be realized that not only have there been 
great advances in connexion with launching and 
getting the satellites on to their orbits, but also after- 
wards much scientific knowledge of prime importance 
is being, and will continue to be, obtained. 

At the moment, however, and for the second time 
in about a month, Nature offers its congratulations 
to the U.S.S.R. on the prowess of its scientists and 
technologists as exemplified by the two satellites. 
It is curious that many people, including some 
scientists, attribute these great strides in scientific 
development to the presence in the U.S.S.R. of men 
of science who were either born or trained elsewhere, 
mainly in Western European countries. This is a 
positively dangerous conception, for, granted the 
activities of such men now in the U.S.S.R., the fact 
cannot be ignored that for a considerable time 
Russia’s own men and women of science have con- 
tributed much to scientific advancement in many 
fields: and now, through these two satellites, the 
U.S.S.R. has presented the whole world with valuable 
new tools for making still further strides. 

To what extent these satellites, and especially the 
rockets used for launching them, might be used as 
offensive war weapons is a matter of conjecture ; 
but, as pointed out in Nature of October 12, this will 
become the responsibility of the politicians rather 
than of the scientists. In any event, whatever inter- 
pretation may now or later be placed on the aims and 
objectives of the Russian scientists in these great 
projects, the whole world of scientists must at present 
look on with nothing but admiration for the work of 
their colleagues in the U.S.8.R. Furthermore, there 
has been a tendency to be sceptical of Russian claims 
in the field of science. Yet no claim has so far been 
refuted; indeed, in view of these recent magnificent 
achievements, the Russians appear to have been 
rather modest. 
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INTERNATIONAL 


HEN in July last the American Bar Association 

visited London, Mr. Herbert Brownell, the 
Attorney-General of the United States, made a 
deliberate appeal for a system of law for the nations 
of the world: this, he said, would be the greatest 
prize that lawyers could bring to a sorely troubled 
humanity. We have not yet applied our knowledge 
of how men may govern themselves by law to the 
determination of all disputes between countries, and 
what we need now is the development of the law of 
nations in order to bind the countries of the world 
with solemn voluntary pacts, in contrast to unilateral 
exploitation by the mighty. A civilization which had 
developed the Common Law and the Bill of Rights 
should not shrink from this new command of human- 
ity, and the members of the American Bar looked 
forward to labouring with the English Bar in such 
& common effort. 

It was at a subsequent Guildhall dinner given by 
the Law Society that Sir Winston Churchill, quoting 
Mr. Menzies, the Prime Minister of Australia, as 
saying that justice was not being achieved by the 
United Nations, made the appeal for changes in 
the United Nations for which he has been strongly 
criticized, particularly by those who continue to 
close their eyes to the contrast between the ideal and 
reality. Sir Winston did not suggest that Britain 
should leave the United Nations, but he did point to 
certain weaknesses in its foundations, and suggested 
that if the Assembly continued to take its decisions 
on grounds of enmity, opportunism or merely jealousy 
and petulance, the whole structure might be brought 
to nothing. Nor was his appeal for realism unhelpful 
in the face of Mr. Brownell’s appeal. The main point 
of Sir Winston’s speech was the warning against 
reliance upon any kind of paper agreements which 
his critics have ignored. ‘“The mere creation of inter- 
national organizations,” said Sir Winston, ‘‘does not 
relieve us of our individual responsibility—at least 
not until the international systems are truly reliable 
and effective. It falls to the righteous man individually 
to do what he can and to form with his friends 
alliances that are manifestly concerned with justice 
and honour.” 

There is a sense, it is true, in which it is not the 
United Nations that is on trial but the member 
States which constitute that organization; but 
nevertheless Sir Winston is not alone in suggesting 
that, however essential it may be to have some such 
international organization, there is real danger that 
the United Nations as it is to-day may collapse. That 
was fully recognized in the debate in the House of 
Lords on July 25, and even last December Prof. 
Gilbert. Murray, in writing of the shadow of bar- 
barisn! that to-day lies over the whole civilized 
world, pointed to the weaknesses in the United 
Nations which flow from the presence of nations of 
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widely varying standards of civilization and resources, 
but which nevertheless possess equal voting power. 
Prof. Murray said frankly that to continue moving 
in the present egalitarian direction and to refuse to 
admit that unequal things are indeed unequal is 
likely to endanger all that is best in Western civiliza- 
tion and to plunge the civilized world back into 
barbarism. 

Prof. Murray was too consistent a champion of the 
League of Nations and of the United Nations for his 
realism to be distorted into an attack on international 
co-operation and the establishment of world law and 
order, and only political prejudice could so construe 
Sir Winston’s realism. Moreover, Sir Ivone Kirk- 
patrick has also shown exactly how this egalitarian 
doctrine sets up unforeseen strains in the United 
Nations, weakens all sense of individual respons- 
ibility, and leads to the injustice and collective chaos 
to which Sir Winston and Mr. Menzies referred. 
Nevertheless, Sir Ivone, too, thought it would be 
wrong for Britain and other like-minded countries to 
leave the United Nations. They should rather use 
their influence to seek a return to the observance of 
its charter and in particular to the assumption by 
the Security Council and the General Assembly of 
the roles originally allotted to them. 

To close one’s eyes to inherent weaknesses and to 
regard as sacrosanct any paper agreement or par- 
ticular organization, however impracticable amend- 
ment may be at any particular moment, does not 
help the task of establishing justice and the law of 
nations. Those weaknesses were particularly em- 
phasized in the debate in the House of Lords, the 
motion of Earl De La Warr indeed asking the Govern- 
ment to open discussions with other nations at an 
early appropriate moment to remove these defects, 
while Lord Glyn’s motion referred specifically to the 
misunderstanding of the respective functions of the 
Security Council and of the General Assembly. Any 
reform of the United Nations, it was recognized, is 
quite impracticable in the foreseeable future ; but 
agreement was equally emphatic that we must seek 
to make the best possible use of it as it is. 

Earl De La Warr made several valuable suggestions. 
First, he stressed the importance of a full under- 
standing and complete unity between the United 
States and Britain. In this connexion he referred to 
the value of removing the misunderstanding of what 
is termed British colonialism. Next, he emphasized 
the danger of growth of group politics based on 
prejudice arising out of geographical, racial or colour 
considerations. Nothing is so likely to weaken, if not 
actually destroy, the influence of the United Nations. 
He laid some stress also on a high standard of repre- 
sentation at the United Nations, on the importance 
of an international police force, and on the existence 
of a firm system of law and order, effectively enforced, 
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as a precondition of nations relinquishing the right 
of self-defence. 

Lord De La Warr held that the United Nations is 
indeed on trial to-day, and that it is in many ways 
an ineffective body. Nevertheless, what the United 
Nations can do, and can do now, needs to be em- 
phasized, so that it may grow into a body which can 
ultimately free mankind from the fear of war, and 
from the type of international behaviour that has so 
often led to war. In the debate which followed, no 
one challenged his statement that there are in 
practice two standards operating in the United 
Nations: one for the law-abiding nations and 
another for the law-breakers. Lord Glyn, commenting 
on the multiplicity of international organizations 
which normally work closely with the United Nations, 
seemed to question the need for so many specialized 
agencies, and to suggest that they might be combined 
in some manner to strengthen that body and make it 
more effective. Lord Boyd Orr suggested that, by 
promoting co-operation between specialized agencies 
such as the Food and Agriculture Organization and 
the World Health Organization in the attack on 
limited practical objectives in human welfare, the 
United Nations might bring about a better atmo- 
sphere in the world and a clearer understanding of 
the difficulties of different nations. Underlying the 
whole debate was the recognition that international 
law can exist only if there is the will to obey the law ; 
and, as Lord Winster said bluntly, it is not respect 
for law but political and economic considerations that 
prevail. Even Lord Silkin, in the most optimistic 
speech of the debate, recognized that the United 
Nations could not be more than the sum of its 
members. Thus the debate contributed to a some- 
what clearer understanding of the relative strength 
and weakness of the United Nations, and it also 
brought out, as Lord Attlee mentioned, its dependence 
on public opinion. 

It is as a contribution to that end that two recent 
books, both of which draw some comparison between 
the League of Nations and the United Nations, are 
valuable. In the first of these*, Bernard Moore, 
giving a lively account of his seven years at the 
United Nations, shows how the decision to locate the 
headquarters of the Organization in New York opened 
the door to some of the lobbying and irresponsibility 
on which Sir Ivone Kirkpatrick also commented. 
Mr. Moore obviously believes that the drawbacks 
far outweigh the advantages of placing the Organ- 
ization in New York. He brings out both the great 
importance of the Secretariat and the strain which is 
imposed on many of its members at Lake Success. 
But the great value of his book lies in the way he 
brings to life the human issues in the functioning of 
such an organization and the importance of the time 
factor on the larger scale. He, too, emphasizes the 
‘mportance of more than idealism: goodwill cannot 
be taken for granted ; nations, governments and 
Statesmen need to learn a new technique, to develop 

* The Second Lesson: Seven Years at the United Nations. By 
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@ new understanding and to discard old, deeply 
entrenched habits and ideas. 

Mr. Moore’s book will show the general reader just 
why the United Nations needs time to grow. Mr. 
Loveday’s “‘Reflexions on International Administra- 
tion’’* are concerned with the development of the new 
technique, and with the factors which determine the 
morale and efficiency of an international organiza- 
tion. It is not a book for the general public, though it 
contains much to interest both scientist and tech- 
nologist. On the major issues that in the past few 
years have brought the future of the United Nations 
into question it bears indirectly, though, like Mr. 
Moore, Mr. Loveday, drawing on his twenty-five 
years experience as an international official, shows 
how much an efficient administration can contribute 
to the prevention of misunderstandings and the 
establishment of confidence. 

Like Mr. Moore, too, Mr. Loveday recognizes that, 
in spite of a marked tendency at the outset to dis- 
count the experience of the League, the United 
Nations in fact owes much to its predecessor, though 
he points out that principles and methods of adminis- 
tration which had proved their worth prior to 1939 
are not necessarily valid to-day. The change in the 
political climate alone would be responsible. What 
used to be considered technical questions outside the 
political field may now be subject to power or voting- 
power politics, and governments are increasingly 
unwilling to seek an objective study of the problems 
they have to solve. The best solution is rarely sought, 
only the easiest compromise ; and Mr. Loveday says 
frankly that the effectiveness of almost all the organs 
of the United Nations has suffered. Agreement has 
not been reached because it has not been sought. 

It is in what are almost asides that Mr. Loveday 
illumines the issues debated in the House of Lords, 
as when discussing staff rules and regulations and the 
need in any international organization for a body 
which can discuss administrative problems at the 
political level. He refers to the danger, in its absence, 
that the Secretary-General will be unduly exposed 
both to external pressure to act according to the 
wishes of individual governments and to unavoidable 
(or unnecessary) criticism. Certain questions in this 
context, he admits, are best ventilated in public, 
“But the vast majority of questions affecting the 
personnel and a large proportion of diplomatic issues 
are best settled behind closed doors’. Again, he notes 
the desirability of relieving the General Assembly of 
unnecessary detail so that it can concentrate on 

major issues. -His suggestion for easing the problem 
of recruitment could in itself contribute to the 
improvement of international understanding and the 
whole atmosphere of co-operation. As the best means 
for recruiting nationals from the _ less-advanced 
countries, he suggests financing educational facilities 
at certain universities on a large scale. To succeed, 
an all-round education and normal Western European 
educational standards and very liberal financial 


* Reflections on International Administration. By A. Loveday. 
Pp. xxi+334. (Oxford: Clarendon Press; London: Oxford Univer- 
sity Press, 1956.) 42s. net. 
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support would be necessary, for only the outstanding 
graduates from these university centres should stand 
a chance of selection. There must be a large group 
from which to select, and the education given must 
be of real value to those graduates who are not 
recruited and return home. 

The implications of any such scheme are far- 
reaching and, however it might be financed, its 
organization would require the help of an independent 
international body such as the International Associa- 
tion of Universities or the International Association 
of University Professors and Lecturers. The sug- 
gestion is one that merits the attention both of the 
Technical Assistance Board and of Unesco, though 
Mr. Loveday adds that it might be more practical, in 
the first place, to attempt to create a European rather 
than a world Civil Service and for this purpose 
possibly a common machinery for recruitment. 
Another important observation is in regard to the 
Trusteeship Council. The failure of that body, which 
Mr. Loveday contrasts unfavourably with the Per- 
manent Mandates Commission, to win a respect 
proportionate to the importance of its functions is 
attributed partly to its practice of allowing sub- 
stitutes. It is no more proper, he remarks, for a body 
the composition of which changes to pass judgment 
on the manner in which a third party has carried 
out its obligations than it would be for a jury with 
changing composition to record a verdict. 

These citations can but illustrate the quality of 
Mr. Loveday’s book, and the way it stimulates the 
clear thinking and honesty of purpose that are two 
essential steps towards improving the effectiveness 
of the United Nations. They are, of course, incidental 
to his main theme, which is discussed in two parts, 
the first dealing with personnel policy and the second 
with the operation of the administration. In the 
first, which discusses sympathetically and with 
insight and common sense the characteristics and 
special features of the life of an international official, 
the qualities required, the maintenance of morale and 
the problem of recruitment as already noted ; the 
chapters on recruitment and maintenance of morale 
emphasize several points of great interest in con- 
nexion with technical assistance and the recruitment 
of professional men for overseas work. Mr. Loveday, 
for example, directs attention to the importance in 
international administration of constructive imag- 
ination, to the implications of the tendency almost 
throughout the world for higher education to 
degenerate into technical training, to the relative 
importance of being able to offer a career as such, as 
distinct from an officer’s professional career ; much 
that he observes in regard to grading and promotion 
also has a bearing on professional employment 
generally. 

In the second part of the book Mr. Loveday has 
some comments on advisory committees and on 
counci's and boards, particularly on the place of the 
scientific or technical expert, which do not always 
run with the views expressed by Prof. K. C. Wheare 
in his “Government by Committee”. It is these 
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chapters and that on research which the professional 
man, whether scientist or not, will find of most 
interest, fur there is also much in this part to interest 
the manager or administrator in general. Mr. Love- 
day’s shrewd common sense rarely fails to stimulate 
thought about related issues in industrial, national 
or international administration, and if the dangers 
he notes are to be eliminated much help will be 
required from professional organizations. The danger 
of selecting directors on account of their technical 
reputation alone, of preferring a man with a world 
reputation for his contribution to some branch of 
knowledge to a less well-known but younger man 
who possesses to a greater degree the indispensable 
qualities of leadership, creative imagination and 
willingness to co-operate with others, are not easily 
avoided without such professional assistance and 
goodwill. 

On the question of research, apart from noting the 
reluctance of governments to appoint independent 
experts able to view controversial matters in a spirit 
of scientific detachment, Mr. Loveday is averse to 
the multiplication of institutions at the international 
level. He recognizes that in the social sciences an 
international secretariat may, in a limited field, be 
more competent. Such institutions can and should 
conduct a type of research for which universities are 
ill equipped ; but, in general, universities are better 
able to provide the type of competence required. In 
the natural and applied sciences it is still more 
exceptional for the establishment of an international 
laboratory to offer any advantage over the use of an 
existing institution. The slightest acquaintanceship 
with the activities of the Nuffield or Rockefeller 
Foundations should confirm the soundness of this 
view, and indicate how the organization of research 
in this way could contribute slowly but surely to 
international understanding and goodwill. 

Mr. Loveday indicates ways in which the United 
Nations could be enabled to function more effectively 
and the risk of misunderstandings and _ internal 
tension reduced. He makes no large claims that the 
objectives of its charter will be approached other 
than gradually in course of time by a long process of 
co-operative effort. His book, with its clear statements 
of the conditions in which an international secretariat 
can function efficiently, none the less indicates small 
ways in which the individual can sometimes assist to 
that end. It should contribute to that honesty of 
purpose, realism and clear thinking for which Sir 
Winston Churchill, like Prof. Gilbert Murray, 
appealed, and which must reinforce our idealism if 
the United Nations is ever to fulfil the hopes in which 
it was founded. Written before the Suez crisis, It 
leaves no room for doubt that, if the United Nations 
is not to collapse, its member States must recollect 
that the existence of an international organization 
presupposes the acceptance and observance of certain 
common standards: the urgent need is not for 
amendment of its charter but for a new and con- 
structive approach to the whole purpose and function 
of the United Nations Organization and its agencies. 


VOL. 180 





i hae ee) et 


a — =~ 


eae: = vee ee eee 


rin? Ba wrPr er frm 











no. 4503 November 9, 1957 


MAGNETOHYDRODYNAMICS 


Magnetohydrodynamics 

By T.G. Cowling. (Interscience Tracts on Physics and 
Astronomy, No. 4.) Pp. viii+115. (New York: 
Interscience Publishers, Inc. ; London: Interscience 
Publishers, Ltd., 1957.) Paper, 1.75 dollars; hard 
cover, 3.50 dollars. 


FTER a protracted infancy, the field of magneto- 

hydrodynamics has rather suddenly entered 
into what might be called its adolescence. This is 
largely due to the tremendous extension of observa- 
tional material, both geophysical and astrophysical, 
that has become available during the past ten years 
or so. Apace with this has gone the development of 
certain theoretical ideas such as the notion that the 
terrestrial, solar, and stellar magnetic fields are 
due to some sort of self-amplifying dynamo mechan- 
ism. 

This short tract represents the first coherent survey 
of the subject to appear in the literature. Prof. 
Cowling has been more intimately associated with 
all the phases of growth of magnetohydrodynamics 
than any other man, and we owe him a debt of grati- 
tude for the present work. Such an effort is readily 
exposed to facile criticism by those who come after the 
pioneers and receive their material already pre- 
digested. The book shows the vestiges of pioneering ; 
but the framework laid down here for the first time 
will no doubt remain and will stimulate others to fill 
in further details. 

The treatnient is essentially theoretical, observa- 
tions being invoked only when they have a bearing on 
the theory presented. This greatly helps to make the 
presentation consistent in so brief a compass. The 
author wisely confines himself in the main to those 
aspects of the subject that can be described in terms 
of the field equations of classical physics. These are 
a combination of Maxwell’s equations with the Euler 
equations of fluid motion, suitable coupling terms 
being inserted in both. The first chapter is devoted 
to establishing these equations and to a discussion 
of their general content. The presentation is very 
lucid ; but one would wish it much longer, perhaps at 
the expense of some of the later, admittedly rather 
speculative, models of solar magnetic fields. The 
next three chapters deal with magnetohydrostatics, 
hydromagnetic wave motion, and the effect of a 
inagnetice field on stability ; that is, on the onset of 
turbulence as well as of thermal convection. There 
are a number of examples from solar physics. Some 
of the recent laboratory experiments and pertinent 
theories on the flow of liquid metals in a magnetic 
field are rather well covered. 

The next chapter deals with dynamo theories of the 
Karth’s field and gives a brief account of the effect 
of turbulence on magnetic diffusion. The last, brief 
chapter outlines the theory of some of the remarkable 
phenomena met with in rarefied ionized gases and 
gives applications to interstellar gas clouds. One of 
the outstanding features of the book is the grati- 
fyingly close connexion which is drawn between the 
laboratory experiments with liquid metals and the 
analogous problems of stability in astrophysics. 

The equations of magnetohydrodynamics are, in @ 
manner of speaking, the most non-linear of all the 
known equations of mathematical physics. Hence 
such surprising phenomena as the presence of cosmic 
magnetic fields wherever there are conducting liquids. 
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This is something that could not have been predicted 
speculatively by any stretch of the imagination. Given 
our mathematical inadequacy in the face of non-linear 
equations, it will be a very long time before we can 
hope to possess rigorously deductive arguments for 
any essentially non-linear problem, for example, 
the dynamo problem. In the meantime we must be 
content with intuitively plausible but grossly over- 
simplified models. The situation is here similar to . 
the physics of turbulence, which has not yet yielded 
to a deductive treatment in spite of long-continued 
efforts. The reader should keep this in mind when 
perusing Prof. Cowling’s sometimes deceptively 
elegant discussion of the non-linear phenomena. 

The book is, of course, essential for astrophysicists 
and geomagneticians. In addition, it should be 
valuable as a concise introduction to the subject for 
those now numerous physicists who are concerned 
with magnetohydrodynamics in the study of gas 
discharges. WatTtEeR M. ELSASSER 


ZOOLOGICAL LITERATURE, 
1954 


The Zoological Record, Vol. 91 

Being the Records of Zoological Literature relating 
chiefly to the year 1954. Edited by G. Burder 
Stratton. Pp. vi+2010. (London: Zoological 
Society of London, 1957.) £6. 


HE issue of the present volume within little more 

than two years of the literature to which it 
refers is a remarkable achievement and reflects great 
credit on all those concerned in the compilation of 
this invaluable publication. Once again there is an 
increase on the previous volume in the number of 
zoological publications, an extra 260 pages, but from 
this must be deducted Vermes (1952), unavoidably 
omitted from Vol. 89. This indicates a rise of about 
5 per cent in the period under consideration as 
compared with 10 per cent in the previous year. 

The relative size of the various sections shows little 
variation from year to year, and although it bears 
some relation to the number of species in each group 
it is evident that some types of animals attract much 
more attention than others, especially those of 
economic interest. As would be expected, Insecta 
with 546 pages, involving 4,060 titles, is by far the 
largest section, followed by Vermes—another very 
large group. The space occupied by each of the 
other sections is arranged in descending order as 
follows: Mammalia, Protozoa, Arachnida, Mollusca, 
Aves, Pisces, Trilobita, Crustacea, Reptilia, Amphibia, 
Coelenterata, Brachiopoda, Comprehensive Zoology, 
Echinoderma, Bryozoa, Protochordata, and Porifera. 

The number of pages, however, does not necessarily 
indicate the number of titles, and in the present 
volume the consecutive number which preceded each 
reference has been omitted in some of the sections. 
Judging from the number of titles, Aves, with a total 
of 1,972, is still the most popular group after Insecta, 
although its 1,972 titles and their analysis occupies 
fewer pages than Mammalia with 1,796 titles. It is 
curious that such a comparatively small group as 
the Amphibia, of little economic importance, should 
have more than three times as many references as 
such a large and comprehensive group as Echino- 
derma, but in zoology, like other subjects, fashion 
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must be taken into account. There is no indication 
of any diminution in the amount of taxonomic work, 
for the present volume records a total of 2,413 new 
generic and subgeneric names during 1954, a 50 per 
cent increase on the previous year. 

The compilation of the ‘Zoological Record” is a 
heavy task, and requires considerable financial 
assistance to produce it at any reasonable cost. The 
list of donors includes institutions and individual 
subscribers in many parts of the world, the two leading 
contributors being the Royal Society and Unesco, 
but further donations will be required if the price 
of this invaluable publication is to be kept within 
reach of private individuals. Epwarp HINDLE 


USEFUL FUNGI 


The Friendly Fungi 
A’ New Approach to the Eelworm Problem. By 


C. L. Duddington. Pp. 188424 plates. (London : 
Faber and Faber, Ltd., 1957.) 21s. net. 


LTHOUGH, as the author states, this is not a 

technical book, it nevertheless embodies a wealth 
of authoritative information on predacious fungi 
which has hitherto been available only as frag- 
mentary data dispersed among various British and 
foreign scientific journals. It deals with an absorbing 
subject which is made all the more interesting by 
the engaging and informal style of the text. Indeed, 
much of the merit of the volume is derived from the 
author’s vivid and sometimes dramatic narrative 
surrounding the warring factions in Nature and their 
harnessing for useful purposes. 

As the sub-title indicates, the book deals with the 
part played by aggressive soil-inhabiting fungi in 
checking the ravages of plant-parasitic eelworms 
which are to-day acknowledged to be among the 
farmer’s worst enemies. It examines the possibility 
of further stimulating this biological control by 
inoculating the soil with potent strains of selected 
fungus cultures and by treating the soil to foster 
increased prolificity and activity of the predators. 
To achieve such a disturbance of the state of dynamic 
equilibrium in favour of the fungi is by no means 
simple, and it is to the author’s credit that it is his 
own work in this field which has provided the most 
useful pointers to surmounting some of the inherent 
difficulties. 

The most fascinating section of the book is that 
devoted to the remarkable eelworm-trapping mech- 
anisms of predacious fungi—the sticky hyphal 
networks, the sticky knobs, the constricting rings 
and the passive ring traps. Equally exciting is 
the account of the laboratory techniques which have 
been devised for studying these mechanisms—-the 
employment of a pneumatic micromanipulator for 
handling the microscopic organisms and the use of 
cinematograph film for recording their movements. 
All is presented in a manner which is readily under- 
standable to readers with no special scientific know- 
ledge. 

A notable feature of the book is the excellent and 
impartial way in which the author has summarized 
and evaluated research work conducted on predacious 
fungi in other countries; for example, the investi- 
gations into the control of root knot eelworm on 
pineapples in Hawaii and the attempted control of 
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both plant and animal nematode parasites in France. 
Unfortunately, the results from field experiments 
carried out.in England on the control of potato root 
eelworm and cereal root eelworm are less convincing 
since they are expressed mainly in terms of crop 
yield. The logical criterion for measuring the 
nematicidal effects of the different treatments would 
be the comparative figures for larval or cyst popula- 
tions of the eelworms in the soil recorded prior to 
treatment and after cropping. The reviewer has the 
impression that certain suppositions have been 
developed which merely reflect the effects of 
cultural or manurial treatments in enhancing the 
growth of the crop rather than in suppressing the 
eelworms. 

The book is well illustrated with excellent photo- 
graphs and carefully executed line-drawings, is 
provided with a useful bibliography and is free from 
major errors. On p. 17, Northern Ireland is mis- 
takenly cited in a context appropriate to the Republic 
of Ireland, and some half-dozen misspellings of 
scientific names are evidently attributable to typo- 
graphical errors. R. CHAMBERLAIN 


VOL. 160 


A RECONSIDERATION OF AFFECT 


Pain and Pleasure 

A Study of Bodily Feelings. By Thomas S. Szasz. 
Pp. xvi+301. (London: Tavistock Publications, 
Ltd., 1957.) 30s. net. 


T is, perhaps, a wise thing for scientists as well as 

artists to stand back occasionally and see what 
their work looks like at a distance. In this book the 
author is doing this with basic psychological terms 
and their application to psychoanalysis. Dr. Szasz 
is professor in the Department of Psychiatry at the 
State University of New York College of Medicine 
and, since he is an honours graduate in physics as 
well as medically qualified and trained in psycho- 
analysis, he has written the scholarly book one would 
expect. 

The first part is a consideration of the philosophical 
aspects of the subject, and the second, third and 
fourth are devoted to various theories of pain, bodily 
feelings and pleasure. He accepts Russell’s views 
regarding the separation of the material of physics 
into ‘public data’ and that of psychology into ‘private 
data’, and wisely refuses to accept explanations which 
try to combine the two. He presses for pain and 
pleasure to be classed as affects, as Fenichel sug- 
gested. Pain, he considers, is associated with the idea 
of something being taken away, or the threat of such 
loss or injury. Pleasure, on the contrary, is evoked 
by something being given to us even if it is only 
sensory stimulation or its discharge. He applies 
these views to such conditions as hypochondriasis, 
pseudocyesis, hysterical anzsthesia, and particularly 
to the phantom limbs which are so commonly felt 
after amputation and the curious pains felt in them. 

This is not a book to read when one is half-asleep 
over a fire; it needs the reader’s close attention. 
Nevertheless, everyone who writes on pain and 
pleasure will have to take the writer’s ideas into 
consideration, and their application may be of con- 
siderable value. 

There are an excellent bibliography, covering four 
pages, and a good index. The paper is good and the 
printing clear. CLIFFORD ALLEN 
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OBSERVATIONS ON THE ORBIT OF THE FIRST RUSSIAN 
EARTH SATELLITE 


By STAFF OF THE ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH 


HE launching of the first Earth satellite has 

evoked widespread interest, and the regular 
appearance over Great Britain of the ‘Sputnik’, 
advertised by its radio transmitter, has been followed 
closely by many observers at various centres. 

At the Royal Aircraft Establishment a series of 
radio observations has been made, extending over 
most of the period of three weeks during which the 
satellite’s transmitter was functioning. Both inter- 
ferometer and Doppler records have been obtained, 
and a considerable amount of data is now available 
for analysis. Up to the present, our attention has 
been focused on estimating the orbit constants, but 
it is expected that further study will yield valuable 
information on radio propagation phenomena. 


Interferometer Measurements 


On October 5 it was decided that sufficient appara- 
tus was available to build an interferometer on 
40 Mc./s. Four aerials were erected at Lasham, one 
pair lying approximately north-south (335°), and the 
other pair accurately at right angles, the spacing of 
each pair being 100 ft.—about four wave-lengths. 


Each aerial consists of a bent 4/2 dipole (90° at the 
apex) at a height of 4/4 above ground, and all four 
are orientated in the same direction; this system 
gives good all-round cover with some vertical direc- 
tivity—on some nights eight transits of the satellite 
were recorded. 

The north-south aerials are interconnected by a 
concentric feeder, with a 3A/8 artificial line, having 
the same characteristic impedance as the cable, 
interposed at its centre. This arrangement gives an 
infinite standing-wave-ratio pattern in the feeder, 
the phase depending only on the phase difference 
between the e.m.f.’s in the aerials. A four-phase 
crystal switch in the artificial line transfers the 
pattern to the high-frequency receiver, and the 
detected output is applied to a pair of phase-sensitive 
rectifiers which are switched by the crystal voltages. 
An identical system is used for the east-west aerials. 
Phase measurement from the aerials onwards is 
excomplished with a standard deviation of 3°, corre- 
sponding to a directional accuracy of 0-1°. 

A typical record taken at Lasham is shown in 
Fig. 1. The 1-sec. timing-pulses are related to G.M.T. 
with an accuracy of milliseconds, so 
that the time at any point on the 





record may be read to within one- 








tenth of a second. The remaining 





traces give the sine or cosine of the 
phase difference at @ pair of aerials : 





reading from top to bottom, the 





record shows the north-south sine, 





the east-west cosine, the time and 
the east—west sine. 





The received signal strength fluc- 





tuates, so that the tracking informa- 
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Fig. 1. Section of record from Lasham — at 21.10 hr. Monday, October 14, 


tion lies in the successive times at 
which the traces cross the zero- 
levels, corresponding to successive 
phase changes of 180°. With an 
aerial spacing of 100 ft., each such 
change indicates an increment of 
0-123 in the direction cosine of the 
satellite position vector, referred to 
an axis passing through the phase 
centres of the two aerials; apart 
from an uncertain additive con- 
stant, therefore, the records permit 
plotting two direction cosines 
against time, the north-south at 
increments of 0-123 and east—west 
at increments of 0-0615. 

Preliminary estimates of the 
satellite’s height and track were 
obtained by assuming a constant 
speed (v) along a straight line at 
constant height (h). 

If 1,, 1., 1, denote the direction 
cosines of the satellite position 
vector pe with respect to the east, 
north and vertical axes at the 
interferometer, the east-west com- 
ponent of the satellite’s velocity is 
given by: 
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tions corresponding to the satel- 
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7 lite’s track and with a similar 
speed/height ratio. On each of 








three flights the value of v/h 
deduced from the interferometer 








records by the above method was 
within 2 per cent of the value 
given by independent fixes. 





Results for a number of morning 
4 and evening transits are given in 

















Tables 1 and 2. 
Since the rotation of the orbit 











in the orbital plane is very slow 
(see below), the figures quoted can 
1 be regarded as independent estim- 











ates of the constant height and 
bearing at the morning and evening 
transits respectively. The average 
height for the morning transits is 





250 n. miles, with a standard devia- 
tion of 13 n. miles; and for the 
evening transits 130 n. miles, with 




















a standard deviation of 6 n. miles. 








& Although fair accuracy can be 
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for the transit at October 13, 05 min. 30 sec. 


S (pl,) $ 7) , since pl, =h 

A graph of 1,/l,; against time should therefore yield 
a straight line, since v is assumed to be constant. The 
zero levels of the observed direction cosines are 
adjusted until a straight line is obtained ; the gradient 
is then the east-west velocity component divided by 
the height. A similar relation holds for the north-south 
component, so that taken together the two gradients 
determine the height and the bearing of the track, 
since the satellite’s speed is a known function of 
height and orbital time for any assumed orbit. 

The passing distance (that is, horizontal range to 
the point below nearest approach) can now be 
derived, and, since the bearing of the satellite at any 
time is determined by the ratio /,/l,, the time of lati- 
tude transit can also be found. This time appears 
preferable to the more usual] meridian transit, because 
the satellite performs an integral number of complete 
orbits between latitude transits. 

In order to calibrate the interferometer system, an 
aircraft was flown over the site on October 15, in direc- 


MORNING TRANSITS 
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Table 1, 














Date Nominal Height | Track Time of 
October time | (n. miles) bearing transit latitude 
| (degrees true) | 51° 107’ N. 
hr. min. sec 
{ hl! 5:30 | 265 135 i 0& 15 
| 12 5-30 | 228 138 : 
1. ¥8 5-30 252 | 140 [9 bes 
‘ i4 5°30 253 140 05 29 22 
i 
Table 2. EVENING TRANSITS 

Date | Nominal Height Track | Time of 
| October time (n. miles) bearing transit latitude 
i (degrees true) 51° 107’ N. | 
| i j | hr. min. sec. 
| 10 23 -00 136 038 | — ! 
{ 14 21-00 138 034 is 11 20 
j 15 21-00 133 034 21 08 43 
i 16 21-00 124 040 21 05 25 
j 24 18-30 128 | 039 18 41 30 
i 








achieved rather quickly by the 
method described, it becomes lab- 
orious to extract the full accuracy 
which (it is believed) the quality 
of the data warrants. Also, the analysis is valid 
only for near transits, because of the assump- 
tions made. To remove this restriction, and to 
improve the accuracy of fitting, we have prepared a 
preliminary programme for a Pegasus digital com- 
puter, taking account of the Earth’s curvature and 
rotation, and assuming that the observed portion of 
the orbit is circular. Trial values of height, bearing 
and passing distance are inserted, and the computer 
calculates a succession of values for the two direction 
cosines measured by the interferometer. These values 
are compared with those obtained from the records, 
and the input parameters adjusted until the two sets 
agree : a typical result is shown in Fig. 2. The digital 
computer results for each of the four morning transits 
of Table 1 give a height of 250 n. miles, with an 
uncertainty of no more than + 5 n. miles. 

Even with a digital computer the method is still 
rather laborious ; as a further development we intend 
to make the computer do the curve fitting, using the 
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Fig. 4. Orbital poriods derived from Doppler and interferometer data 


method of differential correction described in ref. 2, 
p. 309. 
Doppler Measurements 


Within the Ministry of Supply, Doppler measure- 
ments have been made at the Royal Aircraft Estab- 
lishment (Aberporth, Bramshot and Cove) and at 
the Royal Radar Establishmeat, Malvern. Results 
have also been reczived from the Post Office Radio 
Stations at Baldock, Banbury and Brentwood, from 
the Tatsfield receiving station of the B.B.C. and from 
the Great Baddow Research Laboratories of Marconi’s 
Wireless Telegraph Co., Limited. 

The reduction of the measurements at a single 
station begins with the determination of ¢,, the time 
of closest approach; this also determines f,, the 
frequency of the satellite transmitter. The observed 
frequencies f can then be reduced to a table of @ 
against t, where p = c(f — fo) fo, @ being the Doppler 
station-satellite distance and +t the time measured 
from the instant of closest approach. 

Ignoring the curvature of the orbit and of the 
Earth, we have : 

Pe ee eee 
Vr being the relative velocity between the satellite 
and the observing station, and pe, the minimum 
distance. The equation is equivalent- to 

7? te Po? 7? 

p? VR‘ V R? 
so that a graph of +*/6* against t* should be a straight 
line, from which Vr and pe, can be estimated. This 
is shown in Fig. 3, which is for the transit at 21.08 
on ( Jetober 15, observed from Banbury. 

IR, Po and ty represent the maximum information 
that can be obtained from one transit over one 
station. To locate the orbit it is necessary to combine 
observations from several staticns on the same transit : 
the alternative of observing successive transits at one 
station bas not been used, since the effective base- 
length (700 n. miles) is much greater than the height. 

The transit at 21.08 on October 15 passed very 
close to Great Baddow, and it was observed from 
Aberporth, Malvern, Banbury, Bramshot and Great 


Baddow. From the Vr and gy estimates given by 
these stations, the satellite’s height and track can 
be estimated, taking into account the curvature of 
the orbit and the curvature and rotation of the 
Earth. The data being redundant, a least squares fit 
can be obtained; the height. of this evening transit 
was found to be 124 n.-miles, with a standard devia- 
tion of 5 n. miles. 

As with the interferometer data, it is hoped to 
programme these calculations for a digital computer, 
in order to obtain accurate results more quickly. 


General Features of Satellite Orbits 


For near satellites, within, say, 1,000 miles of the 
Earth’s surface, the main perturbations to the basic 
elliptic orbit result from the Earth’s oblateness and 
the atmosphere: by comparison, the influence of 
the Sun and Moon, and relativity effects, can be 
safely ignored. 

The perturbations due to oblateness have been 
evaluated theoretically in a recent study! for orbits 
of small eccentricity (about 0-05 or less). The orbital 
plane is found to rotate about the Earth’s axis in 
the direction opposite to the motion of the satellite, 
at a mean rate of 10-00 (R/f)*.cos« degrees per day. 
where RF is the Earth’s equatorial radius, 7 the harm- 
onic mean distance of the satellite from the Earth’s 
centre, and « the (constant) inclination of the plane 
to the equator. The radial distance r of the satellite 
from the Earth’s centre also departs from the value 
appropriate to a simple ellipse; r oscillates twice 
during each revolution with an amplitude 0-94 (R/f) 
sin’ nautical miles, and three times during each 
revolution with an amplitude 0-06 (R/#)? sin*« nautical 
miles. It is also found that the major axis of the 
ellipse rotates in the orbital plane at a rate of 
5-00(R/F)*-5(5 cos*« — 1) degrees per day. This rota- 
tion is in the same direction as the satellite’s motion if 
« is less than 63-4°, and in the opposite direction if 
« is greater than 63-4°. Finally, the period of revolu- 
tion of the satellite, from one northward crossing 
of the equator to the next, is 14-54/(R/7). sin*a seconds 
greater for an inclined orbit than for an equatorial 
one. 
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Fig. 5. Estimated track of the Russian Earth satellite for night October 24-25. 
Numbers indicate times in 4.mM.T. The first revolution is shown by (1), the second by (2), and so on. 
Between latitudes 30° and 55° the satellite covers about 3° of latitude per min. 
For October 25-26 subtract 9 min. from the times and move track 1¢. to the west 
os 2 ie : ’ “4° 
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The main effect of the atmosphere is to reduce 
the length of the major axis, making the orbit. more 
nearly circular. This is because most of the retarda- 
tion due to drag occurs near perigee ; consequently, 
there is a loss of altitude at the subsequent apogee. 
The reduction in the length of the major axis shortens 
the orbital period, and it is possible to estimate the 
air density from the observed rate of decrease of 
the period. 


Orbit of the First Russian Earth Satellite 


Orbital calculations for the first Russian Earth 
satellite have been made much easier by the fact 
that « is near 65°. This means, according to theory’, 
that the rate of rotation of the major axis is not 
more than 0-4 deg. per day in the direction opposite 
to the satellite’s motion, whereas for a near-equatorial 
orbit the corresponding figure would be as much as 
14 deg. per day. Because this rotation is so slow, 
the height of the satellite as it crosses any latitude 
going north, say, should be almost the same on 
successive days. This conclusion is confirmed by 
the heights so far measured ; but since the estimates 
of height are subject to some inaccuracy, it is not yet 
possible to obtain a reliable observed value for the 
rate of rotation, to compare with theory. 

For the same reason, the small perturbations in 
radial distance, of order 1 mile, cannot be detected, 
so that an elliptical orbit has been assumed : 


” , ’ ere + ” 
6-2*:,, 
7-1 


1 
— (1 + ecos 
; ( + € CC ) 


where e is the eccentricity and 9 the angular travel 
in the orbital plane. The difference between the two 
values of o on northward and southward crossings 
of any latitude is known: it is 61-4° for latitude 
51-2° N. if « = 65°. If 7 is known, two measurements 
of height suffice to determine e and the absolute 
values of g The required value of 7 can be found 
from the orbital period, which has been measured 
with good accuracy. 

Values of orbital period given by the measurements 
from the Doppler stations at Banbury, Great Baddow, 
and Cove, and the interferometer at Lasham, are 
plotted in Fig. 4. It is seen that the period decreased 
from 96 min. on October 10 to 95 min. 30 sec. on 
October 23, and that the rate of change is slowly 
increasing. The right-hand scale in Fig. 4 shows the 
value of 8, the time in minutes by which 15 revolu- 
tions fall short of 24 hr. This is a convenient para- 
meter for the first Russian Earth satellite, because 
8 is small and 5? can often be ignored. The mean 
distance # can be expressed as #=3737-7 (1-5/2160) 
nautical miles. When this expression for 7 is used, 
the rate of rotation of the orbital plane, 10-00 (R/7 med 
cosa, may be written as 3-167 (1+8/617) deg. pet 
day in the direction opposite to the satellite’s motion. 
In obtaining this figure, « has been kept at the round 
number value of 65°, though it is probably a small 
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fraction of a degree lower. Since the Earth turns 
through 360-986 deg. in a (solar) day, it follows that 
the (n +15)th orbit is west of the nth orbit by 
4-153 —0-24788 deg. (i) 

These crossings are about 24 hr. apart, the (n+ 15)th 
being 5 min. earlier than the nth, but on the next day. 
It also follows, adding 360° to (i) and dividing by 15, 
that the (n+1)th orbit is west of the nth by 24-277 
—0-01655 deg. With this information, and one ‘fix’ 
on the track, it is possible to plot the track of the 
satellite over the Earth’s surface for several days, 
using linear extrapolation at future dates from 
Fig. 4. This process has been carried out regularly 
since the satellite was launched, and maps, of which 
Fig. 5 is typical, were distributed to the various 
tracking stations. The shift in the track between 
October 11 and October 25, as predicted by this 
method, was found to be within 1 per cent of the 
observed value. Thus the theoretical value for the 
rate of rotation of the orbital plane is confirmed. 

Finally, there is the effect of the atmosphere to 
be considered. Since the orbital period T varies as 
(major axis)*/?, a 1 per cent change in 7 corresponds 
to a 2/3 per cent change in the major axis. The 
change in 7' thus gives the change in the major axis 
immediately. The air density has been evaluated 
roughly, on the assumption that the change in major 
axis is due to a reduction in apogee only, arising 
from an impulsive change in satellite velocity at 
perigee. This change in velocity is then compared 
with the integrated effect of the drag/mass ratio, 
assuming some particular atmospheric model. The 
factor of difference between the two values for the 
change in velocity gives an indication of the factor 
by which the density in the assumed model is in 
error. At the satellite altitude, free-molecular flow 
prevails, and, since the isothermal Mach number of 
the satellite is high, the drag coefficient is taken as 2. 
This very approximate method gives the density at 
130 n. miles altitude as about 2x10-!° of that at 
sea-level. 

Details of the estimated orbit for noon G.M.T. on 
October 15 are as follow: 
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Height going north at latitude 51-2° N, 
Height going south at latitude 51-2° N. 
Inclination of orbital plane to equator, 


130 + 6 n. miles 
250 + 5n. miles 


assumed to be 5° 
Perigee occurs going north at latitude 40-9° N. 
Perigee distance from Earth’s centre 3,561 + 7 n. miles 
Height at perigee over mean Earth 123 + 7 n. miles 
Apogee distance from Earth’s centre 3,922 + 8n. miles 
Height at apogee over mean Earth 484 + 8n. miles 
Eccentricity 0-048 + 0-002 
Semi-major axis 3,741 n. miles 
decreasing at 1 n. mile per day 
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Harmonic mean radial distance 


3, 
Period 95 min. 48-5 sec. 
decreasing at 2-23 sec. per day 
Rate of rotation of orbital plane (retrograde) 3-18 deg. per 
increasing at 0-0029 deg./day* 


Rate of rotation of major axis (theoretical) — 0-40 Se per day 
Track crosses latitude 51:71°N. at longitude 0-7°E. at time 
21 hr. 08 min. 56 sec. G.M.T. 


lonospheric Phenomena 


Observations of the amplitude of the signal received 
from the satellite have shown a complex fading pat- 
tern containing frequencies in the range 1-100 cycles 
per minute. Some of these are due to the spin of 
the satellite, others to the Faraday rotation effect ; 
these latter fadings can be identified by the fact 
that their frequencies on the 20 Mc./s. and 40 Mce./s. 
records are in the ratio of about four to one. The 
variation of angle between the ray path and the 
Earth’s magnetic field during transit complicates the 
effect, and so far a full analysis has not been made. 

The faster type of fading occurred occasionally ; 
simultaneous measurements made on three orthogonal 
dipoles have shown that this was not a rotating vector 
fading and that it could occur on one polarization 
alone. Such a fading at 50-60 cycles per minute was 
observed between October 11 and 14, but not there- 
after. 

A further interesting feature is the long duration 
of sigaals at a transit: the 20 Mc./s. signals in parti- 
cular have been received for some 30-35 min. In 
addition, faint subsidiary signals have preceded and 
followed the main signal received during transit— 
this is especially marked on 40 Mc./s., and on this 
frequency there has been occasional long-distance 
reception, such as that noted on several afternoons 
when the satellite was over India. 

The above evidence suggests that long-distance 
transmission from the satellite to the receiving 
station is by complicated ray-paths. At present the 
explanation of these is not clear, and further obser- 
vations are needed to evaluate the various trans- 
mission mechanisms so far postulated. In this con- 
nexion the proposed programme of the Radio Society 
of Great Britain promises to be of value. 

We are grateful to our colleagues at the Royal 
Radar Establishment, to the Post Office Engineering 
Branch, the B.B.C. receiving station at Tatsfield and 
the Marconi Co., Ltd., for making available the results 
of their Doppler measurements, and to Marconi’s for 
assisting with the analysis. 

1 King-Hele, D. G., and Gilmore, D. M. C., “The Effect of the Earth’s 
Oblateness on the Orbit of a Near Satellite” (unpublished Ministry 
of Supply Report). 

2 Nielsen, K. L., “Methods in Numerical Analysis” (Macmillan, 1956). 


RADAR OBSERVATIONS OF THE FIRST RUSSIAN EARTH SATELLITE 
AND CARRIER ROCKET 


By STAFF OF TPKE JODRELL BANK EXPERIMENTAL STATION, 
UNIVERSITY OF MANCHESTER 


\ HEN the first Earth satellite was launched on 

October 4 the radio telescope at Jodrell Bank! 
was still in an incomplete state. The instrument, 
which had been tested as early as August 2 on the 
reception of extra-terrestrial radio emissions, had 
afterwards given excellent results over a wide range 


of frequencies. However, a considerable amount of 
minor engineering work was in progress and, in 
particular, the telescope had not been tested as a 
radar instrument. Emergency arrangements were 
therefore made to couple to the telescope existing radar 
instailations working in other parts of the Station. 
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1957 October 12, 2241 v.rT. 


g.1. Radar echo from the Russian carrier rocket of the first satellite 
Lower trace is an intensity-modulsted range display with range limits 250 km. (lower edge) to 750 km. Rocket entered beam at range 
500 km. and left at 550 km, 
Centre trace is an amplitude-modulated display. Rocket reaches peak amplitude of 4 times noise. Upper trace gives seconds marks. 
(The double spaces are locating marks) 



































Table 1 
ol 
Peak | Pulse | 
Frequency transmitter Pulse repetition Overall Receiver Receiver 
(Mc./s.) power (kW.) duration rate feeder loss noise factor band-width 

Equipment 1 120 10 2 milliseconds 10 or 20 15 dB. 5 dB. 500 c/s. | 
Equipment 2 36 | 10 150 micro- 75 <14dB. Limited by sky 5,000 c./s. | 

| seconds noise | 











The two most appropriate equipments were: (1) 
the long-pulse 120 Mc./s. apparatus used in the lunar 
echo studies®*, and (2) a small 36 Mc./s. transmitter 
recently built for radio echo work on meteor trails in 
conjunction with the Schmidt cameras. Equipment 1 
could not easily be shifted and was therefore con- 
nected to the telescope by a long length of trans- 
mission line and coaxial cable. The transmitter and 
preamplifier of equipment (2) was small enough to 
be mounted in the swinging laboratory just under- 
neath the reflecting bowl of the telescope. In each 
case the primary feed was a dipole with reflector, 
mounted at the focal point so that there was cross 
polarization between the two feeds. The parameters 
of the two equipments are given in Table 1 

The improvised nature of the arrangements is 
obvious from these figures, and the only hope of 
success rested in the high performance of the telescope 
on these frequencies, that is, beam-width 8 degrees 
to half-power points, power gain 600 on 36 Mc./s. ; 
beam-width 2-5 degrees to half-power points, power 
gain 6,500 on 120 Mc./s. 

Equipment 1 was available for testing by the night of 
October 9, and with the telescope in automatic motion 
on the Moon satisfactory lunar echoes were obtained. 
Afterwards trouble developed with this apparatus, 
and the first radar contacts with the rocket and 
satellite were obtained with equipment 2 during the 











Table 2 
Range Signal/noise Effective scattering | 
(km.) ratio cross-section (sq. m.) 
Bie (a) Rocket 
Equipment 1 | a} 3 10 
Equipment 2 4 10 
983 (b) Satellite | 
Equipment 1 1,000 <1 <06 
Equipment 2 230 4 | ~ 0-4 








evening of October 11. Fig. 1 is a typical example 
of the echo from the rocket obtained on October 12. 
In this experiment the telescope was stationary, and 
the echo from the rocket is visible for 17 sec. as it 
crossed the aerial beam at a mean range of 530 km. 
Equipment 1 was available for use again by October 
16, when it located the rocket at a range of 1,430 km. 
On subsequent occasions the telescope was set in 
motion after location of the target, and successful 
tracking was achieved over a part of the orbit. The 
film records obtained since these initial tests are only 
partially analysed ; but Table 2 gives typical values 
of detection ranges, signal noise ratios and effective 
scattering cross-sections computed from these meas- 
urements. 

On the expiry of the satellite batteries, requests 
were received to use the telescope for the location of 
the rocket and satellite, to assist with the com- 
putation of the orbits. In order to facilitate this 
work, equipment 2 was shifted to one of the elevated 
laboratories on the towers of the telescope, thereby 
removing the large feeder losses. The detailed analysis 
of the records to obtain more information about 
scattering areas and characteristics of the echo 
patterns is proceeding, and the results will be pub- 
lished in due course. 

We are indebted to the consulting engineers for 
the telescope, Messrs. Husband and Co., of Sheffield, 
for their willing help and assistance in this pro- 
gramme, and to the staff of the Cavendish Laboratory, 
Cambridge, and of the Nautical Almanac Office of 
the Royal Observatory, Herstmonceux, for their 
predictions, which so greatly assisted the initial 
location of the rocket and satellite. 

1 Lovell, A. C. B., Nature, 180, 60 (1957). 
“Sem. I. C., Evans, J. V., Murray, 

. K:, Proc. Phys. Soc., B, ‘69, 901 “986: 
see J. V., Proc, Phys. Soc., B (in the press). 
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FURTHER RADIO OBSERVATIONS OF THE FIRST SATELLITE 


HE radio signals from the first Russian Earth 

satellite were recorded at the University of Illinois 
Observatory during the period October 5-24 on 40 
Mce./s. and on 20 Me./s. This communication deals 
with the observations on 40 Mc./s. made with two- 
element interferometers, one with a north-south 
base-line of 5-45 wave-lengths, the other with a 
north-south base-line of 1 wave-length. The first 
instrument was constructed during the night of 
October 4-5, the second on October 11. The latter 
was fed out of phase for lobe-ambiguity resolution. 
The results were recorded on Esterline-Angus graphic 
recorders running at 1 ft./min. 

The interpretation of the records was complicated 
by the fact that all the eleven lobes of the pattern 
of the main north -south interferometer never appeared 
on the record of any one passage of the satellite. 
However, it proved possible to overcome this diffi- 
culty, particularly after October 11, when the second 
instrument came into use. The instruments were 
located on the parallel N. 40° 1-1’. The times at 
which the first artificial Earth satellite crossed this 
parallel, together with estimates of the altitude 
above the horizon at the moment of closest approach, 
were communicated as rapidly as possible to the 
Smithsonian Astrophysical Observatory, Cambridge, 
Mass., and the Naval Research Laboratory, Washing- 
ton. The mean absolute error in the times of crossing 
was 3s. 

Since the radio-signals ceased, the computations 
have been refined. The period of the satellite and 
the regression of the nodes of its orbit can be deduced 
from our observations. The best representation of 
the period (P) during the interval October 5-24 is: 


P = 96m. 09-88. — 0-1293s.n — 7-797s. x 10-'n? (1) 


where n is the number of revolutions since our adopted 
zero, which was the southbound crossing of our 
parallel on October 5d. 13h. 30m. Ols. u.t. The 
regression of the nodes can be expressed as follows : 
the local mean solar time at the point of southbound 
crossing of our parallel is : 


(8h. llm,. + 2m.) — (1-100m. + 0-006m.)n 


The probable errors shown are calculated from internal 
consistency. The observations were made under the 
direction of George W. Swenson, jun., and the 
interpretation of the results was carried out by Ivan 
R. King with the assistance of Stanley P. Wyatt, jun. 

These formule are based on the records obtained 
at our station alone. On October 26 a radio broadcast 
from Moscow mentioned that the period was 95-31lm. 
During that day, n would increase from 313 to 318 
between 9h. and 18h. u.r. Thus formula (1) would 
give periods ranging from 95-36m. to 95-35m. 
On October 28, the Smithsonian Astrophysical 
Observatory released a statement that, on October 
25d. 2h. 25m. u.t., the period was 95-44m., and the 
daily variation of the period was — 2-4s. It is not 
known whether our results entered into the computa- 
tion of those of the Smithsonian. October 25d. 2h. 
25m. corresponds to n = 294 and this gives P = 
95-42m., with a daily variation of — 2-6s. 

Records on 20 Me./s. were also obtained under the 
direction of Edgar C. Hayden and these, together with 
the 40 Mce./s. results, are expected to furnish con- 


siderable information about the ionosphere. These 
records have not yet been analysed. 

Ivan R. Kine 

G. C. McVirrie 

GzorGcE W. SWENSON, JUN. 

SranteEy P. Wyatt, JUN. 
University of Illinois Observatory, 

Urbana, Illinois. 
Nov. 1. 


THe 40 Mce./s. frequency of the first Russian Earth 
satellite has been measured at Chelmsford for the 
condition of zero Doppler effect. 

The method adopted presupposed that the signal 
might be modulated at the source or during propaga- 
tion in such a way as to make fully automatic measure- 
ments difficult, so the fine component of local com- 
parison frequency was obtained from an audio 
oscillator steered manually to follow the Doppler 
variations. For a high percentage of the time the 
‘steering’ error was held less than 2 ¢./s. by using 
a circular time-base on a cathode ray oscilloscope. 
The audio oscillator output was connected to a 
frequency recorder having scales of 4-5 in. per 
1,000 c./s. and 1 in. per 30 sec. 
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The S-shaped Doppler curves obtained were 
remarkably clean and symmetrical, so that the 
frequencies and times corresponding to nearest 
approach (zero Doppler effect) could be read off with 
useful accuracy. Fig. 1 shows the frequencies of 
zero Doppler effect deduced in respect of 37 orbits 
observed between October 9 and 24, 1957. Signals 
were not heard after 1843 G.m.t. October 24. 

The maximum rates of change of frequency 
observed for the various orbits covered the range of 
33-4-5 c./s./s., corresponding to approximate slant- 
range values of 224-1,500 km. respectively. 

The datum of the local 40 Mc./s. comparison 
frequency was known to within 1 part in 10°. 

Norman LEA 
Research Division, 
Marconi’s Wireless Telegraph Co., Ltd., 
Great Baddow, 
Chelmsford, Essex. 
Oct. 30. 
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HicH-PowER radar equipment has been installed 
in the 45-ft. diameter radio telescope at the Royal 
Radar Establishment, Malvern, to make radar 
observations of the Russian Earth satellites and 
rockets. A radar echo from the rocket of the first 
satellite was detected on October 30, at a distance 
of 864 miles (750 nautical miles). The rocket was 
then east of Iceland and at a height of about 220 
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miles. A wave-length of 10 cm. was used, and the 
radio telescope has a narrow beam of about half a 
degree. Using predictions supplied by H.M. Nautical 
Almanac Office, the radio telescope was set in the 
direction of the path of the rocket. A strong radar 
echo was observed as the rocket passed through the 
field of view of the radio telescope. 
Ministry of Supply. 
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ROCKET OF THE FIRST EARTH SATELLITE 


HE rocket accompanying the 

first Russian Earth satellite was 
widely observed in Ireland during 
October 11-16, owing to the favour- 
able situation of the orbit. More 
than twenty photographs have been 
received and measured at Dunsink 
Observatory, and are consistent 
with a height of 430 km. The 
tracks show marked variations of 
brightness with a period of about 
one minute, due to rotation of the 
rocket (Figs. 1 and 2). 

Further visual observations in- 
dicate that the rocket passed ap- 
proximately centrally over Ireland 
on October 26d. 18h. 44m. 

The combined observations lead 
to an orbital period of 95m. 53s. 
at October 11-23d., decreasing uni- 
formly by 4-13s. a day to 94m. 49s. 
at October 26-78d. The corre- 
sponding decrease in semi-major 
axis is 3-4 km. a day. The pre- 
cession of the node is approx- 
imately 3-3° a day. 


Fig. 1. 


Fig. 2. 


Fig. 1 


a and @ Gemini), on October 13, 05h. 25m. 10s.-05h. 25m. 40s. 
photographs, both taken by P. Murphy, Dunsink Observatory 





Fig. 2 


Track of first Russian rocket rising on the north-north-west, close to Cassiopeia, on 


October 13, 05h, 24m. 20s.—05h. 24m. 50s. U.T. 


Track of first Russian rocket setting toward the south-east, close to Castor and Pollux 


U.T. Miniature camera 


RADIO PICTURES OF THE SUN 


By W. N. CHRISTIANSEN, D. S. MATHEWSON and J. L. PAWSEY 
C.S.I.R.O. Radiophysics Laboratory, Sydney 


E have recently put into operation an instrument 


which gives pictures of the Sun in the ‘light’ of 


2l-cm. radio waves. 

The extension of knowledge concerning the exterior 
of the Sun has to a great extent followed the intro- 
duction of special techniques which have enabled us 
to see progressively higher levels in the solar atmo- 
sphere. Thus the photosphere and sunspots are seen 
in white light. The spectroheliograph gave the first 
comprehensive picture of the chromosphere with its 
prominences, flares and plages. Above this lies the 
corona, which was known from eclipse observations, 
but which has only in the past few decades been 
regularly observable using Lyot’s coronograph. Even 
now the corona is observable optically only beyond 
the limb, and the problem of observing the corona in 
front of the disk of the Sun may well be insoluble 
optically. 

With the discovery of radio emission from the Sun 
and the recognition that this emission must, at 


suitable wave-lengths, originate in the corona, it 
became possible in principle to obtain pictures of the 
corona over the disk. But to get a detailed 
picture of the Sun, which is only }$° in diameter, the 
angular resolution required appeared prohibitive. 
Over the years, information was obtained by devious 
methods, by circumstantial evidence based on the 
correlation between sunspots and radio emission, 
through eclipse observations, and, most effectively, 
by regular day-by-day observations using knife-edge 
beams only a few minutes of are in width. 

These have demonstrated that the radio sun at 
decimetre wave-lengths shows a background due to 
thermal emission from the bulk of the lower corona, 
together with bright patches which last for periods of 
the order of months, and are related in some way 
to optically active regions. The current hypothesis 
concerning the cause of the bright patches is that they 
are due to thermal emission from unusually dense and 
hot regions in the corona. 
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Fig. 1. One arm of the radioheliograph 


The form of the background due to the quiet sun, 
which gives useful information concerning the electron 
temperature and density distributions in the solar 
atmosphere, has been determined at a time of sun- 
spot minimum. But, though it is suspected to vary 
during the sunspot cycle, previously available 
techniques were not sufficiently powerful at times of 
high solar activity properly to differentiate between 
the background and the bright patches. Similarly, 
there is a suspicion that the slowly varying component 
due to the bright patches may change its characteris- 
tics with the sunspot cycle. 
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Fig. 2. Plan view of radioheliograph 


Our new instrument, which we may call a radio- 
heliograph, promises regular pictures of the lower 
corona. A photograph of this instrument is shown 
in Fig. 1. A similar instrument, working on a 
longer wave-length, would respond to radiation from 
the upper corona. 

The radioheliograph combines the principles of the 
multi-element, or grating, interferometer! and the 
Mills cross*. It consists of two rows of 19-ft. diameter 
parabolic aerials arranged in the form of a cross. 














wie. 8. Position of the aerial beams (small black circles) of the 

ioheliograph at the intersections of the knife-edge beams of 

the two multi-element interferometers. The solar disk is shown 
being scanned by one of the aerial beams 
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27-6-57 


Fig. 4. 


cessive days in June 1957. 
sphere, romenenene and corona, respectively. 
indicating high radio brightness are drawn. 


Each row has 32 paraboloids spaced at 40-ft. 
intervals, so that the overall length is 1,240 ft. 
The individual paraboloids are fed through a 
branching feeder system similar to that used in 
the original 32-element interferometer, and the 
combination gives a series of knife-edge beams 
in the sky. The arrangement is shown in Fig. 3, 
the north-south arm giving a series of east—west 
beams, and the east—west arm, a series of north— 
south ones. 

The signals from the two arms are combined, as 
in the Ryle interferometer, alternately in-phase and 
out-of-phase, and the component of the output which 
alternates in synchronism is recorded. The system 
hae a directional diagram which is the product of 
those of the two arms, that is, it consists of the array 
of pencil beams drawn black in Fig. 3. For direc- 
tions near the zenith these are 3’ of arc in diameter 
and the spacing between adjacent beams is 1°, 
so that only one falls in or near the Sun at one 
time. 

As the Earth rotates the beams move together 
across the celestial sphere, and one of them, 
marked A in Fig. 2, scans a strip on the Sun. 
The adjacent beam B scans a strip which may 
be different from the first, either if the phases of 
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Comparison of white light sketches, Ha spectroheliograms (obtained from the 
Division of Physics, C.8.I.R.0., Sydney), and 21-cm. brightness contours on three suc- 
The three pictures are related to emission from the photo- 
In the radio picture only the contours 
The quiet sun-level is not shown 
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the north-south system are re. 
adjusted, or if, as is the case 
away from noon, the motion 
of the Sun is not parallel to 
the east-west beams. In this 
way a picture of the Sun is 
built up in the manner of a 
television picture, in a period of 
about half an hour. All the 64 
paraboloids are turned on equa- 
torial axes to continue pointing 
at the Sun during this time. 

The equipment began opera- 
tion in June 1957, and we hope 
to make routine observations 
over the International Geophys- 
ical Year. Some of the early 
radio pictures are shown in 
Fig. 4, together with optical 
pictures in Ha and in white 
light. These show successively 
lower levels in the solar atmo- 
sphere, lower corona, chromo- 
sphere and photosphere respect- 
ively. In the radio pictures 
only the bright patches have 
been shown pending adequate 
checks on the directional dia- 
gram of the equipment. 

Thé close, but not perfect, 
correspondence between radio 
bright patches, chromosphere 
plage and sunspots is evident. 
Perhaps the most interesting 
feature of these early observa- 
tions is the way in which the 
bright areas can fall outside 
the visible disk. Thus the 
bright area in the south-west 
which is outside the optical limb 
on June 27 provides a measure- 
ment of a very direct kind of 
the height in the corona at 
which the emission originates. The previous evidence 
was indirect and obtained at the minimum part of 
the solar cycle. It may happen that the height 
systematically changes during the sunspot cycle. It 
is also interesting to note that the great height or 
extent of the radio-emitting region permits observa- 
tions of regions for which the associated sunspots 
and optically active area may be out of sight beyond 
the limb of the Sun. The appearance of bright areas 
on the east limb may prove useful in predicting the 
appearance of active regions. An important active 
region made its appearance around the east limb 
some days later in the position indicated by the 
radio bright patch in the extreme south-east on 
June 27. 

Radio observations have now enabled us to 
study one more level in the solar atmosphere. 
Similar advances in the past have revealed new and 
unexpected phenomena, but have contributed sur- 
prisingly little to the physical understanding of the 
Sun. We hope that in due course our observations 
may contribute both new phenomena and under- 


standing. 

‘ Christiansen, W. N., and Warburton, J. A., Aust. J. Phys., 6, 190 
(1953). 

* Mills, B. Y., and Little, A. G., Aust. J. Phys., 6, 272 (1953). 
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LIPID GLOBULES IN CELLS 


By Dr, JOHN R. BAKER 
Cytological Laboratory, Department of Zoology, University Museum, Oxford 


HE course of cytological research would have 
"laa very different if chromatin had been as 
invisible in routine microscopical preparations as 
lipid globules are, and lipid globules the most evident 
objects in cells. There has been a curious tendency 
to disregard lipid globules, or to mention them in 
an off-hand manner. People who speak with great 
accuracy about proteins, nucleic acids and carbo- 
hydrates often tend to dismiss these globules as mere 
‘fat droplets’—as though this group of chemical 
compounds were somehow of a lower social order 
than others. 

One reason for the neglect of these cytoplasmic 
inclusions is perhaps the confusion with droplets of 
adipose fat. It is important to realize that the great 
majority of cells contain lipid droplets in the cyto- 
plasm, but that adipose fat is an unusual constituent 
except in the particular cells that are set aside to 
accumulate it. When an animal is starved, the 
adipose fat is used up; but the lipid droplets that 
occur in nearly all cells are retained. I am concerned 
here with those lipid droplets that do not appear to 
function as food reserves. 

In some cells, such as neurones, the lipid droplets 
are distributed at random throughout most of the 
cytoplasm ; but in many kinds of cells, especially 
those that have a clear polarity, they occupy a 
particular position. Globules of adipose fat, on the 
contrary, do not ordinarily accumulate in any special 
place in a cell. 

It is unfortunate that we have no positive histo- 
chemical method for determining the presence of 
triglycerides, but must rely on a process of exclusion 
of other kinds of lipids. It is therefore impossible 
to deny that triglycerides may occur in various 
lipid globules of the kinds I am discussing ; but the 
positive evidence of histochemistry suggests that 
these globules consist mainly of more complex sub- 
stances. Very often it is possible to prove the presence 
of phospholipids by application of the acid—hematein 
test. Generally there are indications also of the 
presence of cerebrosides. Thus the periodic acid/ 
Schiff test gives a positive result, though there may 
be no other indication of the presence of a carbo- 
hydrate. This suggests that the periodic acid/Schiff 
reagent is reacting with the hexose of the cerebroside 
molecule. In some cases, when a piece of tissue has 
been fixed in pure acetone, the lipid globules are 
darkened by sudan black. This is corroborative 
evidence of the existence of cerebrosides, for nearly 
all other lipids would be extracted by acetone. The 
available evidence suggests that lipid globules are 
often composed largely of phospholipids mixed with 
cerebrosides. Should this suggestion prove correct, 
it may be found convenient to speak of ‘cerephos’ 
globules. It must be remarked, however, that a 
positive reaction to the periodic acid/Schiff test by 
a purely lipid globule does not prove the presence of 
cerebroside. The sphingosine of sphingomyelin con- 
tains the groups necessary for a positive reaction 
with the periodic acid/Schiff reagent, and sphingo- 
myelin indeed reacts positively! ; unsaturated fatty 
acids are also capable of giving a positive reaction?:?. 


Certain cytoplasmic globules that consist mainly 
of lipid appear to contain also small quantities of 
protein and carbohydrate. Chou® has described such 
globules in the neurones of gastropods. 

In fixed preparations, lipid globules often appear 
to be duplex in character. We read of externum 
and internum, of chromophil and chromophobe 
constituents. The so-called ‘dictyosome’ has a 
chromophobe core and a chromophil cortex, the 
latter often appearing as a ring or crescent in optical 
section. Such appearances are rarer in fresh prepar- 
ations, and there is reason to believe that in some 
cases a dictyosome was nearly homogeneous in life. 
It is relevant to consider the different causes that may 
make a homogeneous or nearly homogeneous body 
appear duplex. 

(1) The artificial appearance of a cortex and 
medulla may be produced by purely optical means. 
In a most valuable paper, Oettlé‘ has shown that 
‘optical membranes’ of considerable ‘thickness may 
be formed around objects that are in fact homo- 
geneous. These misleading appearances can be 
produced not only by dark-ground and direct micro- 
scopy, but also by positive phase-contrast. 

Spherical bodies such as lipid globules are parti- 
cularly apt to give misleading appearances with 
phase-contrast. The edge of a globule may appear 
black or grey because there is here the right thickness 
to give the necessary retardation of light for this 
effect. The light that passes through the centre of 
the globule, however, may be so much retarded as to 
give reversed contrast and appear bright. A black 
ring may thus be produced, though the globule is 
homogeneous. 

It has been shown by Chou and Bradbury® that 
with positive phase-contrast an error of centration 
of the condenser may transform a black ring around 
a globule into a crescent. 

(2) It was shown long ago by Altmann® that lipid 
globules are sometimes only blackened by osmium 
tetroxide on the outside, so that they appear as 
rings in optical section. Altmann called these 
Ringkérner. He found that they were not present 
initially, but only when tissues fixed in osmium 





Fig. 1. Three Ringkdrner and a cap or hood (Kapuze) formed by 
partial solution of lipid eee: = preparations. (From 
e, ref, 











Fig. 2. Globules of fixed albumose, dyed with picric acid and 

acid fuchsin, Although the globules are homogeneous. the outer 

part is strongly coloured by acid fuchsin, while the interior takes 
the pale yellow of picric acid. (From Fischer, ref. 10) 


tetroxide solution had been brought into ethanol. He 
attributed their formation to partial solution of the 
lipid droplet by ethanol’. The subject was carefully 
investigated by Starke*, who found that if a lipid 
droplet were surrounded by fixed cytoplasm, it did 
not shrink evenly when part of it was dissolved away 
by ethanol ; a spherical hole was left, to the walls of 
which the insoluble part of the lipid, blackened by 
osmium, adhered. The blackened remnant of the 
original lipid looked like a ring, crescent, or cap in 
optical section (Fig. 1). Many ‘dictyosomes’ are 
probably of this nature. 

(3) Cain*® has shown that sudan black is only able 
to colour lipids when they are liquid or semi-liquid. 
If a globule consisting of mixed lipids were treated 
in such a way that the solid constituents crystallized 
out separately from the liquid, only the latter would 
be coloured by sudan black. 

(4) Osmium dioxide or silver is sometimes deposited 
on the surface of a cytoplasmic inclusion in such a 
way as to produce an artificial membrane around it. 
The thickness of the deposit depends on the period 
of osmication or silvering. 




















Fig. &. Diagram showing the lamellar arrangement of hydrophil 
lipids in a globule consisting of such lipids and water. Water 


mulecvles are represented by small circles; hydrophil lipids by 


short rods with spherical swellings at the hydrophi) end of the 
molecules; proteins by long, sinuous threads with short 
projections. ( 


lateral 
rom Schmidt, ref. 14) 
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(5) When two dyes are used in staining a cyto- 
plasmic inclusion, one of them may penetrate more 
readily and thus colour the inside, while the other, 
a stronger but more slowly penetrating dye, may 
colour the outside. A misleading appearance of 
cortex and medulla may thus be produced. This was 
shown at the end of the last century by Fischer’, 
who worked with homogeneous granules of fixed 
albumose (Fig. 2). Picric acid and acid fuchsin 
are a pair of dyes particularly prone to give 
misleading appearances of this sort (especially 
in Altmann’s method for mitochondria, and _ its 
variants). 

These facts must make us chary of accepting the 
real existence of cortex and medulla in lipid globules. 
In some cases, however, there can be no doubt that 
a lipid cortex encloses a non-lipid medulla. This 
structure can only be established by painstaking 
study of the living cell, preferably with the inter- 
ference microscope. The fullest investigation of this 
kind is that of Roque" on the paranuclear bodies of 
the spermatocyte of the snail. 

Certain globules, in which no substances other than 
lipids can be demonstrated by histochemical tests, 
have very low refractive indices. This applies, for 
example, to the lipid globules in the neurones of the 
locust, which, as Shafig'? showed, have almost the 
same refractive index as the cytoplasm and are there- 
fore nearly invisible in the living, unstained cell. 
Similar globules in the neurones of the snail have 
been shown by Ross and Chou! to have a refractive 
index of only 1-416, which appears to be less than 
that of any known lipid. 

Since no substance other than lipid can be demon- 
strated in these globules, it seems almost certain that 
the other component must be water. Now phospho- 
lipids, which occur in these globules, have a special 
affinity for water. As a result of his studies with the 
polarizing microscope, Schmidt'* concluded that, in 
the presence of water, certain lipids tend to arrange 
themselves in the form of curved, concentric lamellz 
(Fig. 3). It is therefore interesting that the electron 
microscope shows curved, concentric lamelle in 
certain lipid globules. The acroblast of the insect 
spermatid provides an example’®. The acroblast is 
undoubtedly a duplex body, with lipid externum and 
non-lipid internum. In electron micrographs the 
externum appears in the form of numerous curved, 
concentric ‘double membranes’. It seems probable 
that these are the expression, at the level of resolution 
of the electron microscope, of an underlying lamellar 
arrangement at the molecular level, caused by the 
association of phospholipids with water. It has been 
shown that pure lipids, fixed with osmium tetroxide, 
may exhibit a lamellar structure in_ electron 
micrographs'*. It is possible, however, that sub- 
stances other than phospholipids are capable of 
producing lamellar structures in electron micro- 
graphs. 

Secretion products of the most varied kind first 
appear within lipid droplets. A multitude of examples 
of this process has been assembled by Hirsch'’. The 
secretion of the acrosome by the acroblast is perhaps 
the most familiar one. The Worleys'* followed step 
by step the origin of fatty and protein yolk within 
lipid globules in the living embryos of gastropods. 
It seems likely that the lipid envelopes prevent the 
synthetic enzymes from diffusing away, but we have 
not yet any comprehensive theory of such syntheses. 
We are also ignorant of the significance of those lipid 











wee 


aeons Vr eo SF SH LV CUO 


@aee Wwe @ ore w& 


- 


~ 


ee ee 


dh fi a a 


RFsors 








no. 4593 November 9, 1957 


droplets in which, so far as is known, secretory 
products do not appear. 


1 Wolman, M., Proce. Soc. Exp. Biol. Med., '75, 583 (1950). 

2 Belt, W. D., and Hayes, E. R., Stain Tech., 81, 117 (1956). 

3 Chou, J. T. Y., Quart. J. Micro. Sci., 98, 59 (1957). 

* Oettlé, A. G., J. Roy. Micro. Soc., 70, 255 (1950). 
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7 Altmann, R., ‘Die Elementarorganismen und ihre Beziehungen zu 
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NUTRITION OF THE VERY YOUNG 


rT°HE 11lth meeting of the Nutrition Society 

(which was also the 50th meeting of the Scottish 
Group), held in Queen’s College, Dundee, on Septem- 
ber 21, took the form of a symposium on “The 
Nutrition of the Very Young”. The chairman was 
Prof. J. L. Henderson (Department of Child Health, 
Queen’s College, Dundee). 

In the first paper, on “‘Nutrition in the Neonatal 
Period’, Dr. C. A. Smith (Boston Lying-in Hospital, 
Boston, Massachusetts) pointed out that the nutri- 
tional status of newborn infants from apparently 
well-fed mothers can vary appreciably. There would 
appear to be little proof of a constant association 
between maternal and foetal nutrition. It may be 
that, with the relatively slow growth of the human 
foetus when compared with some animals, all nutri- 
tional requirements can be met by a maternal diet 
which is marginal or sometimes sub-marginal. This 
being so, the variations in foetal weight so commonly 
observed may arise from factors other than maternal 
diet or stores. Abnormalities in weight and mor- 
phology of the placenta have been shown to give rise 
to a considerable degree of foetal, under-nutrition, 
and infants thus retarded show rapid growth once 
dietary energy is available after birth. The nutri- 
tional status of the foetus is therefore a product, not 
only of maternal nutrition, but perhaps also of uterine 
and placental factors which cannot all be readily 
inspected at delivery. 

In regard to the diet of the newborn infant, Dr. 
Smith considered that natural feeding of infants was 
probably not the customary method in his part of 
the United States. Indeed, one school of thought in 
that country has brought spoon-feeding of semi- 
solid foods to the second and even the first week after 
birth, but considerable care must be taken to ensure 
that correct amounts and proportions of nutrients 
are supplied. 

Premature infants in the Boston Lying-in Hospital 
are bottle-fed from a human milk bank for one or 
two months, but this is a rare eventuality in the 
United States, where in many nurseries for premature 
infants an artificial mixture of modified cow’s milk 
is fed from birth. The reason for preferring human to 
cow’s milk is its reliable digestibility and the reduced 
osmolar load of its electrolytes for renal excretion. 
Dr. Smith pointed out that the greater nitrogen 
retentions and gains in weight made by infants on 
artificial foods require evaluation by long-term rather 
than by short-term work which might be misleading. 
tecent work in Chicago showed that the large and 
prompt gains frequently observed after introduction 
of artificial feeding were often associated with over- 
retention of sodium, chloride and water. After renal 


adjustment to the increased electrolyte content of the 
diet, a return to isocaloric feeding of human milk 
resulted in a temporary loss of weight and negative 
sodium and chloride balance. There is a danger in 
artificial feeding that ‘supermineralization’ may be 
forced on the growing infant. Dr. Smith has not been 
giving supplements of iron to term infants in his care 
for a few weeks after birth, because most of them will 
be receiving iron in cereal foods at three months, and 
experiments have shown that it is not until around 
that time that iron begins to be absorbed from the 
infant food. 

Vitamin supplements given now are less than 
those given 15-20 years ago. Daily dosage of a 
concentrate containing 50 mgm. of ascorbic acid, 
1,009 units of vitamia D and 5,000 units of vitamin A 
is begun late in the sscond or third week. 

Dr. F. E. Hytten (Obstetric Medicine Research 
Unit, Medical Research Council, Foresterhill, Aber- 
deen) read the second papar, entitled “Some Theoreti- 
cal and Practical Difficulties in Neonatal Feeding”’. 

During the latter half of the nineteenth century 
and up to the First World War, propaganda for breast 
feeding was undoubtedly justified because of the 
poor quality of human-milk substitutes and the poor 
conditions of hygiene prevailing ; but it is doubtful 
whether such emphasis need now be laid on breast 
feeding, especially in view of the many household 
responsibilities which the modern mother has to bear 
during lactation. The fact that the fall in infant 
mortality and in breast-feeding rate since 1929 has 
been closely parallel at least indicates that there is 
no longer the same need to appeal for breast feeding 
if it is a burden to the mother. 

The most common complaint of the breast-feeding 
mother is general fatigue. This is understandable in 
view of the extra work entailed in caring for and 
feeding the baby, especially over the first few weeks 
when she can expect no more than four hours continu- 
ous sleep. Fatigue is most noticeable among women 
without domestic help. Those mothers living with 
relatives who could relieve them of household duties 
while they were feeding the baby were less affected 
by reason of lower energy expenditure. Fatigue is 
accentuated by worry, and worry is more character- 
istic of mothers who are breast feeding. Many breast- 
fed babies cry excessively, even when gaining weight 
satisfactorily and thriving in other respects, and it is 
difficult to convince the mother that hunger is not 
the cause. A change to bottle feeding is often desirable 
in such a case and this in itself often stops the crying. 

Under modern conditions of living, if the mother 
is having difficulty with breast feeding or is unwilling 
to maintain it through dissipation of her available 
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energy in household tasks, it is}more practical and 
better for both her physical and mental health to 
encourage her to feed the baby by bottle. 

In his paper entitled “The Nutrition of Young 
Animals’, Dr. T. R. Preston (Rowett Research 
Institute, Aberdeen) considered problems encountered 
in rearing calves and pigs, the only mammals 
commonly reared both artificially and naturally. 

Young pigs are normally allowed to suckle for 
eight weeks with supplementary ad lib. feeding of a 
dry meal from about the fourth week. However, by 
rearing from soon after birth on a synthetic diet, an 
extra litter of pigs can be produced every two years 
from each sow. 

Because of the economic value of cow’s milk for 
human consumption, only pedigree calves are norm- 
ally suckled. The majority of calves are reared 
artificially soon after birth on varying amounts of 
cow’s milk or milk substitute. 

The successful rearing of pigs without colostrum is 
almost impossible, because the pig, unlike the human, 
relies on colostral transfer of immunity, the placenta 
being impervious to antibodies. Piglets are therefore 
allowed to suckle for a few days before feeding arti- 
ficially. Growth and mortality have been variable on 
artificial feeding from two days of age and as much as 
61 per cent mortality has been recorded between three 
days and eight weeks. The system of feeding artifici- 
ally from the third day has therefore only found 
limited application. 

Weaning at ten days has met with most success in 
practice. A dry meal mixture based on dried skimmed 
milk powder with added starch, glucose, sucrose, 
fishmeal, minerals, vitamins and antibiotics is fed 
with water supplied separately. Weaned in this way 
the pig eats very little at first, but after a preliminary 
check period of 3-15 days food and water are con- 
sumed in increasing amounts, and growth is rapid, 
so that at eight weeks artificially reared pigs are often 
as heavy or heavier than pigs reared naturally. 

The more successful rearing from ten days of age 
is associated with the development, during the first 
week after birth, of enzyme systems capable of 
digesting dietary starch and sucrose. 

Like the young pig, the calf depends on colostrum 
for immunity from infectious diseases, and this is 
supplied by allowing it to suckle for three days or by 
feeding colostrum from a bucket. It is then usual 
to feed whole milk or a reconstituted synthetic or 
semi-synthetic milk for 8-12 weeks before weaning 
on to dry meal and roughage. Mortality is around 
8 per cent. 

Up to about four weeks of age lactose and glucose 
are the most suitable carbohydrates for synthetic 
milk diets because during early life the enzyme 
systems for splitting starch and sucrose are just 
developing. 

The sooner the calf becomes a functional rumin- 
ant the more cheaply it can be reared. The major 
stimulus to rumen development is ingestion of solid 
food, and rumination in calves given early access to 
solid food begins when they are two to three weeks of 
age. It has been shown recently that calves made 
adequate growth when fed from three weeks of age 
on a simple dry meal mixture with hay and 
water. 

Speaking on “Idiopathic Hypercalcemia of Infants’, 
Dr. R. G. Mitchell (Department of Child Health, Uni- 
versity of St. Andrews) pointed out that, in eighteen 
cases studied during four years, the age of onset of 
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the illness ranged from the third to the ninth month. 
Symptoms were anorexia, loss of weight, vomiting, 
constipation and a plasma calcium-level greater than 
12 mgm./100 ml. In eleven cases the blood urea- 
level was greater than 50 mgm./100 ml. The clinical 
features and high rate of calcium absorption from the 
intestine suggested a vitamin D effect. Investigation 
showed that intakes of vitamin D were greater than 
1,000 1.u. daily, with eleven cases taking more than 
2,000 1.0. daily. Intakes of the latter order have 
been shown to interfere with child growth but are 
much less than intakes reported for vitamin D 
poisoning. Although the children affected may have 
a lower requirement than normal for vitamin D, it is 
possible that there may be factors which enhance 
vitamin D activity. However, neither sunshine, 
deficiency of essential fatty acids, abnormal constitu- 
ents of cod liver oil nor administration of alkali as 
milk of magnesia were found to be likely causes. It 
was noted that in about a third of the cases a history 
of infection was associated with the illness and in 
seventeen of the eighteen cases dried cow’s milk 
fortified with ergocalciferol was fed. Thus calcium 
intake would be high and a major part of the ergo- 
calciferol would be given in milk, a circumstance 
which has been shown to enhance activity of the 
vitamin. 

Most infants recover spontaneously if given a diet 
low in calcium without added vitamin D. Autopsy 
on three who died showed extensive nephrocalcinosis. 
The twelve surviving children, whose cases were 
followed up, have apparently made a complete 
recovery although still below average height and 
weight. 

The final paper on “Hypercalcemia in Infants and 
Young Animals” was read by Dr. A. M. MacDonald 
(Royal Hospital for Sick Children, Glasgow), who 
discussed certain aspects of renal pathology in infants 
and in young animals. The severe form of kidney 
lesion invariably shows stainable calcium deposits, 
but with it a destructive granulomatous type of 
lesion is found often lacking in stainable calcium. 
Stainable calcium deposits are not therefore con- 
sidered essential in identifying early stages of the 
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e. 
In both mild and severe form the lesion can be 
found in infants dying of a wide range of diseases 
such as hypophosphatasia, gastro-enteritis and 
constipation. The ages of children showing this 
lesion vary from four to eighteen months with a peak 
at nine months. It is suggested that where similar 
lesions are found by chance there is likely to be an 
association with hypercalezemia, excessive vitamin D 
intake or a metabolic defect involving vitamin D. 

To follow the evolution of the kidney lesion, calves, 
rabbits, guinea pigs, rats and mice were given 
exceptionally large doses of vitamin D and killed 
serially. 

It is known that vitamin D, was present in virtually 
all infant foods in daily doses of 3,000—4,000 1.0. 
These amounts are well above the dose of 700 1.v./day 
accepted as adequate for prevention of rickets. 

The number of infants dying from widely different 
causes and showing this renal lesion suggests that 
hypercalcemia in infants might be common owing to 
vitamin D additives in food. 

It is expected that the papers presented at the 
meeting will be published in extenso in the Proceedings 
of the Nutrition Society, Vol. 17, No. 1, early next year. 

J. Davipson 
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Nobel Laureates : 
Sir Alexander Todd, F.R.S. 


Sir ALEXANDER Topp, professor of organic chem- 
istry at the University of Cambridge, has been 
awarded the 1957 Nobel Prize for Chemistry, for his 
work on co-enzymes. On leaving Glasgow in 1929, 
Todd spent two years in Frankfort working on bile 
acids; he then went to Oxford, where under the 
stimulating leadership of Sir Robert Robinson he did 
valuable work on the anthocyanins. In 1934 he 
transferred to Edinburgh, where he devised a synthesis 
of aneurin (vitamin B,). After a spell at the Lister 
Institute, he was appointed in 1938 to the Sir Samuel 
Hall chair of chemistry at Manchester in succession 
to Sir Ian Heilbron. It was there that he became 
interested in the synthesis of nucleosides and soon in 
the much more difficult problem of their phosphory]- 
ation, work which he continued so fruitfully from 
1944 onwards at Cambridge. Brilliant achievements 
were the synthesis of adenosine diphosphate in 1947, 
of adenosine triphosphate in 1949 and of flavin- 
adenine dinucleotide and uridine triphosphate in 1954. 
Sir Alexander also played a major part in the recent 
collaborative work on the structure of vitamin B,3. 
The profusion of the researches he has carried out or 
inspired can be judged from the fact that his name 
appears in the author index of the Journal of the 
Chemical Society for almost every one of the last 
twenty-five years, usually against several papers. 
Among many awards he has received both the Davy 
Medal ‘and the Royal Medal of the Royal Society. Sir 
Alexander has been chairman of the Advisory 
Council for Scientific Policy since 1952; he was 
knighted in 1954. 


Dr. Chen Ning-yang and Dr. Tsung Dao-lee 


THE Nobel Prize in Physics has this year been 
divided between Dr. Chen Ning-yang and Dr. Tsung 
Dao-lee. They both worked with the late Prof. E. 
Fermi at Chicago and are now respectively at the 
Institute for Advanced Studies, Princeton, and 
Columbia University, New York. Their suggestion 
that parity is not necessarily conserved arose from a 
study of the well-known puzzle in meson physics : 
that theta- and tau-mesons, which in other respects 
are apparently identical particles, decay into two and 
three pi-mesons, respectively. This led them to 
examine the experimental evidence for the ‘law’ of 
conservation of parity, and they concluded that in 
the case of weak interactions, such as those involving 
beta-decay, the experimental evidence was quite 
inadequate. They suggested a number of experi- 
mental tests, the first of which to be carried out was 
the study of the angular distribution of beta-rays 
from polarized nuclei. This was carried out at the 
L ‘S. Bureau of Standards earlier this year and 
showed that parity was not conserved. As soon as 
this result was known privately, a second experiment 
was carried out at Columbia University on the decay 
of pi- and mu-mesons which showed that the positive 
electrons from the decay of mu+-mesons are prefer- 
entially emitted in the direction opposite to that in 
which the mu-meson is travelling. Confirmation of 
these results was provided by further experiments at 
many other laboratories, and the suggestions of Drs. 
Yang and Lee have led to the devising of experiments 
'n which conservation of parity is studied in cases 
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involving other interactions, as well as to a precise 
measurement of the magnetic moment of the mu- 
meson. 


Prof. Daniel Bovet 


THE award of the Nobel Prize for Physiology and. 
Medicine to Prof. Daniel Bovet will give pleasure to 
all chemists and pharmacologists who are concerned 
in the discovery of new drugs. At the Institut 
Pasteur, which he joined in 1932, and since 1948 at 
the Istituto Superiore di Sanité in Rome he has 
made a long series of discoveries in chemical 
pharmacology, many of which have led to important 
advances in medicine. He was one of the outstanding 
workers during the exciting years (for medicine) 
1937-44. Soon after Domagk’s announcement (1935) 
of the curative action of ‘Prontosil’ in acute strepto- 
coccal and staphylococcal infections, a group of 
workers including Bovet at the Institut Pasteur 
demonstrated that sulphanilamide was equally 
curative, but, unlike ‘Prontosil’, was bacteriostatic 
in vitro (1935-37). This work focused attention 
directly upon the sulphanilamide structure and away 
from azo dyes, with immense consequence for 
medicine. During the same period Bovet had been 
investigating the pharmacology of aryloxyethyl- 
amine derivatives which had oxytocie and anti- 
adrenaline properties. He discovered that some of 
these compounds, and particularly thymoxyethyl- 
diethylamine, had anti-histamine properties (1937). 
In the same year he and Staub observed that 
anilinoethyldiethylamine also had anti-histamine 
properties. This discovery was the origin of a great 
outburst of work, at first mainly in France and later 
elsewhere, which led to a wholly new class of drugs, 
the highly active and clinically useful anti-histamines 
of the ethylenediamine type, of which mepyramine 
(1944) was Bovet’s crowning achievement in this 
field. 

Shortly after Harold King’s brilliant elucidation of 
the structure of tubocurarine, Bovet began to investi- 
gate synthetic substitutes. for this not easily accessible 
alkaloid. His first studies on bis-pyridinium and 
bis-quinolinium compounds revealed the striking 
dependence of high activity upon the length of the 
chain connecting the two quaternary nitrogen atoms, 
but it was again among aryloxyethylamine derivatives 
that he found his first clinically useful drug, gallamine 
triethiodide (1947). Later he studied a long series of 
choline esters of aromatic and aliphatic dibasic acids, 
work which led to the discovery of the useful short- 
acting drug, suxamethonium iodide (1949). In all 
his work Bovet has not only directed, and frequently 
devised, the pharmacological screening tests used ; 
but he also seems to have had an instinctive genius 
for deciding what chemical compounds would be most 
likely to have the desired pharmacological properties. 


High-Altitude Rocket Experiment 


THE successful firing on October 22 of an American 
research rocket (Project Farside) to a height of 
several thousand miles above a Pacific atoll is an 
achievement of great interest to upper atmosphere 
research workers who cannot command the enor- 
mously expensive resources needed to launch a 
satellite. The rocket consists of a four-stage vehicle 
using available American solid-propellant rockets in 
clusters. The complete vehicle is carried to a height 
of about 100,000 ft. by a 200-ft. diameter balloon. 
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The balloon carries the rocket through the denser 
air, in which the high speed of about 17,000 miles 
an hour necessary to attain a height of three to four 
thousand miles would otherwise give rise to enormous 
drag forces. These would seriously reduce the altitude 
and produce such intense kinetic heating that the 
rocket would almost certainly be destroyed during 
the ascent. This application of the balloon has already 
been well illustrated by the American ‘Rockoon’ pro- 
gramme. The technique is not without its problems, 
however, because launching a fragile balloon carrying 
a rocket assembly weighing nearly a ton is a difficult 
task. Moreover, having ascended through the denser 
air, conventional stabilizing fins can no longer be 
relied upon to overcome the effects of rocket jet 
malalignment and keep the rocket pointing in the 
right direction. The comparative simplicity and 
cheapness of the design give promise of further 
useful measurements on cosmic rays, ion density, 
magnetic effects and other physical phenomena. 


PLUTO : Materials Testing Reactor at Harwell 


PLUTO, the latest materials testing reactor at the 
Atomic Energy Research Establishment, Harwell, 
which went into operation on October 25, was 
designed and built to provide the intense neutron 
fluxes which are now required to help advance the 
Authority’s reactor research programme. In PLUTO 
the behaviour of materials and components for 
advanced power reactor systems will be examined 
under operational conditions created in experimental 
assemblies, or ‘loops’, built into tubes or ‘holes’ 
which pass within the intense radiation zone near 
the core of the testing reactor. At full power, PLUTO 
will generate a peak neutron flux of 10'* neutrons/ 
em.*/sec. at a heat output of 10 mW. The reactor 
uses highly enriched uranium as a fuel, and heavy 
water as both coolant and moderator. It is similar 
in design to the DIDO materials testing reactor, 
which was formally opened at Harwell in November 
1956, but there are fewer ‘holes’ into the core of 
PLUTO, since these are primarily designed for large 
testing ‘loops’. A second reactor (DMTR—Dounreay 
materials testing reactor) is under construction at 
Dounreay. 


Construction of PLUTO 


Tue core of PLUTO comprises a cylindrical array 
of twenty-six vertical boxes, each made up into a 
composite fuel element from ten curved uranium— 
aluminium alloy plates. The reactor is controlled by 
moving seven cadmium-sheathed ‘signal arms’ into 
the core between the fuel elements. The circulating 
heavy water, which is forced upwards through the 
fuel element assembly for cooling, is contained in an 
aluminium tank surrounding the core. This core 
sank is in turn surrounded by a graphite reflector 
sealed into a helium-filled steel tank and by the 
concrete biological shield. The heavy water is 
pumped through the core tank from a ciccuit outside 
the reactor: the heat generated by the system is 
transferred to a secondary coolant, ordinary water, in 
a heat exchanger in the heavy water circuit. The 
secondary coolant dissipates the generated heat to 
the atmosphere in cooling towers outside the reactor 
building. The whole of the reactor area is enclosed 
in ar. airtight shell with controlled entrances so that 
- any accidental release of radioactivity can readily 
be confined. Eighteen tubes are mounted inside the 
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reactor itself to serve as experimental holes: for 
example, four of them pass horizontally through the 
reactor close to the reactor core. These holes will be 
used for holding large-scale engineering loop systems 
in which fuel, canning materials, coolants, moderators 
and constructional materials will be tested under 
specific design conditions. PLUTO will also be used 
for producing cobalt-60 at high activity levels for 
hospital and industrial use. The reactor and its 
associated plant and buildings were designed and con- 
structed by an Atomic Energy Research Establish- 
ment team in association with the Ministry of Works 
and Messrs. Head Wrightson Processes, Ltd. 


The Atomic Energy Establishment at Windscale 


REPLYING to questions in the House of Commons 
on October 29 regarding the accident at the Atomic 
Energy Establishment at Windscale on October 10 
the Prime Minister said that the Authority received 
the report of the committee of inquiry, under Sir 
William Penney’s chairmanship, on October 28, and 
that he would make a further and full statement 
early in the next session when this report had been 
assessed. He was also asking the Medical Research 
Council to give an independent view on the informa- 
tion collected, so far as it affects public health. Mr. 
Macmillan said that, with his approval, the Authority 
has decided that such an inquiry could best be con- 
ducted by a committee of eminent scientists with 
experience of nuclear energy who are unconnected 
with the industrial group of the Atomic Energy 
Authority, but at this stage he could conceive of no 
man with Sir William Penney’s knowledge who was 
not directly concerned with this part of the work. 
The object would be to get the most rapid report by 
the most competent investigators ; but he agreed to 
consider the possibility of a further inquiry under a 
scientific but more independent chairman, and also 
the possibility of publishing the report. He emphas- 
ized the Government’s concern to maintain the 
unique reputation of British scientists in this field 
throughout the world. 


Monitoring Radioactive Fall-out 


In a written answer in the House of Commons on 
October 29, the Prime Minister said that the United 
Kingdom Atomic Energy Authority exchanges 
information with the United States Atomic Energy 
Commission on the measurement of fall-out from 
nuclear weapon. tests, and some of this information 
may be passed on to other interested government 
organizations in the United States. Regular measure- 
ments of strontium are taken at various places in the 
United Kingdom, including some in the Welsh 
mountains, and the evaluation of the results proceeds 
continuously. The Atomic Energy Authority has 
prepared several reports on the subject, the latest, 
‘“Radiostrontium in Soil, Grass, Milk and Bone in 
the United Kingdom”, being dated August of this 
year. In an oral reply to further questions on 
October 31, the Prime Minister said that last summer 
the Agricultural Research Council accepted respons- 
ibility for monitoring soil, herbage, farm animals, and 
milk and other foodstuffs, while the Atomic Energy 
Authority will remain responsible for monitoring ait 
and rain-water and for determining the radioactivity 
present in samples of human bone. The Joint Com- 
mittee of the Agricultural and Medical Research 
Councils and the Development Commission on Bio- 
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logical (Non-Medical) Problems of Nuclear Physics, 
under Lord Rothschild’s chairmanship, is responsible 
for oversight of this monitoring, and it has set up a 
special sub-committee under Dr. J. F. Loutit, director 
of the Medical Research Council Radiobiological 
Research Unit. Mr. Macmillan said that he is satisfied 
that it is right to proceed with the further tests at 
Christmas Island. 


Observations on the Russian Satellite 


A MEETING of the Royal Society will be held on 
November 29, beginning at 10.30 a.m., when Prof. 
H. 8. W. Massey will open a discussion on “‘Observa- 
tions of the Russian Artificial Earth Satellite and 
their Analysis” ; the discussion will continue through- 
out the day. 

An additional meeting of the Radio and Tele- 
communication Section of the Institution of Electrical 
Engineers has been arranged to be held on Novem- 
ber 22, when there will be a discussion on ‘‘Radio 
Observations on the Russian Satellite’. A number 
of short contributions will be presented by members 
of the various establishments in Britain who have 
been making observations. These contributions 
will describe the part which radio is playing in 
observing the behaviour of the first satellite and 
the subject will be divided into the following five 
sections: interferometer determinations ; direction 
finding; Doppler determinations; signal characteris- 
tics; radar determinations. The meeting will 
commence with an afternoon session from 2.30 to 
4.30 p.m., to be followed by tea and an evening session 
starting at 5.30 p.m. Further information can be 
obtained from the Secretary, Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. 


British Computer Society, Ltd. 


More than two hundred members attended the first 
meeting on October 21 of the British Computer 
Society, Ltd., held at the MacMillan Hall of the 
University of London. Prof. D. R. Hartree, under the 
title of “The Machine’s-Eye View’, gave examples 
of errors that can occur in computing processes. He 
made two points; first, in a hand computation 
an intelligent and experienced computer will often 
exercise that intelligence, and intuition, based on 
experience, about the sort of way in which the 
calculations are likely to go; whereas the machine 
1S an approximation to an unintelligent and in- 
experienced computer, and has not got this back- 
ground of knowledge and experience unless it is 
explicitly built into the programme. His second point 
was made on behalf of the machines, emphasizing 
that machine errors are not the only sources of 
wrong results. Such errors may also occur through 
the machine being supplied with the wrong data, 
through programme errors, or through use of a 
programme which carries out, however correctly, 
*® process which is unsuitable for obtaining the 
results required. It is essential for the user of the 
machine to understand not only how to programme 
but also what to programme. 


Process for Crease-fixed Wool 

THE success of wool/‘Terylene’ fabrics in providing 
durable pleats in skirts and creases in trousers has 
revealed the large consumer demand that exists for 
garments with these properties. The problem of 
providing such stable creases is that of obtaining a 
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permanent set in the fibres that compose the fabric, 
Wool can be permanently set by a number of 
chemical processes, and. attempts have been made to 
use these in providing durable creases in all-wsol 
fabrics. The difficulty has been to obtain one that 
was commercially attractive. The Commonwealth 
Scientific and Industrial Research Organization 
(Australia) now reports that the method based on 
thioglycollic acid can provide durable creases in all- 
wool materials. The method has the advantage of 
simplicity in commercial application. 


University News : The Queen’s University, Belfast 


Tue following appointments in The Queen’s 
University of Belfast have recently been made: Dr. 
J. C. West, to the chair of.electrical engineering : 
Dr. J. Pemberton, to the chair of social and pre- 
ventive medicine ; Dr. L. W. Kerr, to be lecturer in 
physics ; Dr. I. C. Roddie and Mr. E. W. Clarke, to 
be lecturers in physiology ; and Dr. J. W. Dundee, 
to be lecturer in anesthetics. 


Announcements 


Ar the annual general meeting of the Association 
of Clinical Biochemists, held recently at the Royal 
College of Surgeons, London, the following officers 
were elected : President, Prof. E. J. King ; Chairman, 
Dr. R. Gaddie ; Hon. Treasurer, Dr. J. H. Wilkinson ; 
Hon. Secretary, Dr. A. L. Taérnoky (Royal Berkshire 
Hospital, Reading). 


THE latest date for submission of applications for 
research fellowships in psychiatry, psychology, 
sociology, neurophysiology, and other sciences rele- 
vant to mental health, offered by the Foundations’ 
Fund for Research in Psychiatry, is February 1, 
1958. Further details may be obtained from 
Foundations’ Fund for Research in Psychiatry, 251 
Edwards Street, New Haven, 11, Connecticut. 


Optica Acta and Acta Electronica have undertaken 
the joint publication of the full proceedings of the 
international symposium on the physical problems 
of colour television held in Paris last July. Inquiries 
can. be addressed to Optica Acta, 3 Boulevard Pasteur, 
Paris 15¢me, or Acta Electronica, 23 rue du Retrait, 
Paris XX°. 


TuE Institution of Chemical Engineers has joined 
the Eurepean Federation of Chemical Engineering, 
the object of which is “the furthering of European 
co-operation in the field of chemical engineering, 
which includes chemical apparatus and equipment, 
chemical process technology, materials as applied 
in the industry, and basic chemical operations.” 
The European Federation of Chemical Engineering 
now has the following Secretariats: Deutsche 
Gesellschaft fiir Chemisches Appatewesen, in Frank- 
furt am Main ; the Institution of Chemical Engineers, 
in London; and Société de Chimie Industrielle, in 
Paris. 


Erratum. In the communication entitled “Adi- 
abatic Piezo-Optic Coefficient of Heavy Water’, by 
C. K. Narayanaswamy, P. 8S. Narayanan and R. 8S. 
Krishnan (Nature, 180, 497; 1957), the phrase 
“|. . carbon disulphide, a highly polar liquid” 
occurring near the end of column 1, p. 498, should 
read “. . . carbon disulphide, a highly anisotropic 
liquid’. 
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THE CHEMICAL RESEARCH LABORATORY 


HE annual open days of the Chemical Research 
Laboratory (Department of Scientific and Indus- 
trial Research) were held during October 1-4. 

The Corrosion of Metals Group showed the results 
of research, on behalf of the British Shipbuilding 
Research Association, on methods of preventing 
pitting of mild steel tubes in Scotch marine boilers. 
Electrically heated model boilers were in operation, 
and corroded boiler tubes after test were displayed. 
Results were summarized in the form of curves 
showing the influence of various factors on the depth 
of pitting of the tubes. An increase in salinity or in 
oxygen content of the boiler water increases the rate 
of pitting. Even in very adverse conditions, how- 
ever, the danger of serious pitting can be greatly 
reduced if the boiler water is kept slightly alkaline 
or the copper content of the mild steel tubes is more 
than 0-1 per cent. 

Fundamental and applied investigations of cor- 
rosion inhibition in aqueous solutions were illustrated. 
The use of radioactive tracers has enabled a quan- 
titative study to be made of the formation of invisible 
films on iron and steel immersed in solutions of 
corrosion inhibitors such as sodium chromate, sodium 
nitrite and sodium benzoate. After a short initial 
period of rapid adsorption, the film grows logarithm- 
ically with time of immersion, with an adsorbed film 
always present. The steel is passivated only if the 
concentration of inhibitor is maintained at a value 
sufficient to maintain the logarithmic growth of an 
oxide film, and an adsorbed layer of inhibitor on the 
film. 
Examples were shown of the effectiveness of com- 
binations of various inhibitors, such as sodium 
benzoate/sodium nitrite or triethanolamine phos- 
phate/sodium mercaptobenzothiazole, in protecting 
@ wide range of metals and alloys in ethylene glycol 
antifreeze solutions. 

In chemical engineering researches a light trans- 
mission instrument has been developed for measure- 
ment of the interfacial area in gas-liquid and 
liquid-liquid dispersions and this instrument is being 
applied to the evaluation of this property in agitated 
vessels. 

A parallel beam of light is passed down a tube 
immersed in the dispersion and by means of prisms 
is caused to pass through the dispersion and thence 
upward through another tube similar to the first on 
to a photocell. The second tube is blackened intern- 
ally to remove scattered light so that only that 
portion of the incident light beam which meets no 
obstruction in the dispersion is recorded by the 
photocell. 

The photocell is connected to an electronic inte- 
grating device so that a time-average value of 
interfacial area may be measured in dynamically 
maintained dispersions. 

The two immersion tubes, light source and photo- 
cell are rigidly mounted together on a traversing 
platform so that interfacial areas may be evaluated 
near te and at various distances from the impeller 
in agitated vessels. 

An attractive display of pure metals was seen in 
the Inorganic Group. The process of zone refining 
has been applied not only to the purification of 





metals but also to some non-metals like tellurium 
and to compounds such as indium iodide. One striking 
effect that was brought out was how closely many 
metals resemble each other in appearance when pure 
and when the surface oxide film has been removed. 
In connexion with the purity of mercury there was 
demonstrated the ‘brightness’ test according to which 
even traces of certain metallic impurities, of the 
order of 1 in 5-10 million parts, can cause a visible 
film to form on the surface of the mercury. 

The separation of the rare earths by ion-exchange 
methods was demonstrated, and laboratory and semi- 
scale equipment for this purpose was in operation. 

In the section dealing with spectrographic analysis 
the emphasis was on the analysis of rare-earth mix- 
tures. The use of a four-step rotating sector to extend 
a limited range of standard mixtures for calibration 
Pp was demonstrated, and an improved water- 
cooled version of the gas cell, enabling high current 
ares to be run in atmospheres other than air, 
was on view. Of interest to users of grating spectro- 
graphs was the tabulation of ultra-violet trans- 
mission limits of some sixty materials for use as 
order filters. 

The Microanalytical Section exhibited equipment 
used in routine microanalysis. The ‘empty tube’ or 
rapid combustion method was being used for carbon 
and hydrogen, but the Carius method was preferred 
for halogen and sulphur. A modified Unterzaucher 
procedure for oxygen was also shown. 

New adsorbents and ion-exchange materials for 
specific purposes were shown by the Radiochemical 
Group. A typical example was phosphorylated 
cellulose obtained by treating cellulose with urea 
and phosphoric acid. This material exhibits cation- 
exchange properties. The ion-exchange properties of 
phosphorylated cellulose differ from those of more 
conventional resins in that certain metals (par- 
ticularly Th‘+, Zr‘+, U‘+, Titt+, Cott, Fe*+ and 
UO,?+) are adsorbed from strongly acidic solutions 
(up to 5 N). The adsorbed metal can only be eluted 
with reagents which strongly complex with it, for 
example, ammonium carbonate for thorium and 
acetone—hydrochloric acid for iron. This property 
of phosphorylated cellulose has been applied to the 
selective recovery of thorium from monazite. Work 
has continued on solvent extraction as an alternative 
to ion-exchange for the selective concentration of 
uranium and other metals from leach liquors. Solvent 
extraction offers the advantage of continuous counter- 
current operation, greater flexibility in coping with 
changes in feed composition, and freedom from 
mechanical blockage and chemical poisoning which 
occur in ion-exchange. Against this must be reckoned 
the loss of solvent to the aqueous phase which 
represents the chief factor controlling the operating 
cost of solvent extraction. 

Two main types of solvent are used, namely, 
acidic and basic; the former may be considered 
as analogous to cation-exchange resins, the latter 
as analogous to anion-exchange resins; basic 80l- 
vents are more selective for uranium, Acidic ex- 
tractants include the long-chain mono- and di-alkyl 
phosphates, while basic extractants include the many 
types of high molecular weight amines. 
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- An apparatus for the measurement of low-pressure 
deviations from the ideal gas laws in the temperature- 
range of 50-200° C. was shown by the Organic 
Group; the apparatus is suitable for the study of 
those organic compounds which have a vapour 
pressure of at least 200 mm. in that temperature- 
range. Also shown was an apparatus, still under 
construction, which has been designed for the precise 
determination of the latent heats of vaporization of 
organic liquids, and for the measurement of the 
specific heats (at constant pressure) of organic 
vapours; the working temperature-range for this 
apparatus is likewise 50-200° C. 

Of the new developments shown in organic inter- 
mediates, the following were of particular interest : 
a novel method of carboxylation based on the use 
of sodium ethyl carbonate; the carboxylation of 
chrysene and pyridine through their sodio-deriva- 
tives; the synthesis of a variety of polymeric 
materials containing the hydrazino group.  Par- 
ticularly noteworthy was the use of N-amino 
oxazolid-2-one as a source of N-amino ethyleneimine 
and its polymer, polyethylene hydrazine; the syn- 
thesis of arsenic-containing polymers from arsenic 
pentoxide and epoxides, and the trimerization of 
aromatic isocyanates in solution in various epoxides 
by a trace of pyridine. 

There is at present considerable interest in the use 
of electrodialysis for the removal of salt from sea 
water, or from brackish waters, which are unfit for 
drinking or irrigation purposes. Successful appli- 
cation of this process depends on the efficiency of 
the ion-exchange membranes in multi-compartment 
electrolytic cells. In the High Polymers Group, 
methods for the preparation of ion-exchange mem- 
branes are being investigated, and a study is being 
made of their electrochemical properties. Membranes 
prepared by incorporating particles of an ion-exchange 
resin in an inert binder may contain void spaces 
which can lead to inferior electrochemical behaviour. 
Emphasis has therefore been placed on the pre- 
paration of homogeneous ion-exchange membranes, 
and promising cation- and anion-exchange mem- 
branes of this type have been prepared. 

The possibilities of paper strip chromatography 
for the analysis of polymers are also being studied in 


. an attempt to find a simple routine procedure for 


evaluating molecular weight distributions. A syn- 
thetic polypeptide (polysarcosine dimethylamide) 
served as a convenient model polymer since it can 
be prepared with very sharp molecular weight 
distributions. Mixed samples of polysarcosines of 
molecular weights up to 12,000 have been success- 
fully fractionated on paper strips. The best results 
were obtained by gradient elution, that is, pumping 
& good solvent steadily into a reservoir of poor 
solvent from which ascending development took 
place. In most cases a polymer labelled with carbon-14 
was used for assessing the chromatograms. 

The Microbiology Group made a feature of the 
economic and industrial importance of bacteria taking 
part in the natural sulphur cycle. Various exhibits 
explained the activities of these bacteria in polluting 
aviation fuel oils and coal gas, their function in the 
disintegration of concrete and in the corrosion of 
buried metals, and the microbial formation. of sulphur 
in Nature. Of special interest. was a process, devised 
at Teddington and now being developed by the 
London County Council, for producing sulphur from 
Sewage sludge and gypsum by a semi-continuous 
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fermentation. Continuous techniques, which may 
well constitute the next important technological 
advance in the fermentation industries, were also 
illustrated, and included a novel adaptation of the 
conventional bubble-cap distillation column. The 
National Collection of Industrial Bacteria displayed 
its comprehensive range of assay organisms, which 
are extensively used by industrial and other research 
workers for estimating various amino-acids, vitamins 
and antibiotics. 


INTERNATIONAL COLLOQUIUM 
ON INTERFERENCE 
SPECTROSCOPY 


r roo colloquium, organized by the Centre 
National de la Recherche Scientifique, was held 
at Bellevue, near Paris, during September 9-13. 

Interferometric spectroscopy might appear a rather 
narrow field for an international conference extending 
over five days. In fact, the organizer, Prof. P. 
Jacquinot, proved to be wise in imposing a restriction 
which went as far as excluding diffraction gratings, 
when used by themselves, as too conventional: there 
was ample variety, not only of details but also of 
fundamentally new and interesting approaches. The 
number of talks and the size of the audience could 
be kept in reasonable bounds, allowing worth-while 
discussions to develop. The proceedings of this most 
stimulating conference are to be published in the 
Journal de Physique and should well represent the 
main lines of the recent advances in this field. 
Methods, rather than results, formed the subject of 
the conference. 

Interferometers have a fundamental advantage 
compared with gratings or prisms, in a@ way which 
has been most clearly expressed by Jacquinot in the 
form of a coefficient of merit. In the latter instru- 
ments the path difference depends strongly on the 
angle, a fact which necessitates the use of a slit. 
This restriction of area in the plane of the slit, or of 
angle in the collimated beam, entails loss of light 
gathered. In contrast to this, interferometers use 
interference ‘in depth’, with path differences depend- 
ing on the angle only to the second power, as shown 
in the axial symmetry of interference patterns. By 
imaging an extended source in the plane of an inter- 
ference pattern rather than on a narrow slit or slit- 
image, one can gather more light from it. 

Full advantage of this can be taken in recording 
methods where a circular stop is placed in the centre 
of the fringe pattern, followed by a detector, such as 
a photo-multiplier. While the path difference is 
varied at a uniform rate, for example, by variation 
of the air pressure, the intensity is recorded. This 
method has lately been increasingly used, and various 
ways of changing the path difference were described 
at the conference (R. Chabbal and M. Soulet, J. H. 
Jaffe, J. Gobert, J. Roig, R. Dupeyrat) ; besides an 
alternative method in which the intensity is recorded 
directly against the air pressure, without a time base 
(H. G. Kuhn and J. L. Lucas-Tooth). 

The quantum efficiency of photocells is generally 
higher than that of photographic plates, but while 
the latter collect energy of all wave-lengths simul- 
taneously during the whole time of the exposure, in 
the recording technique different wave-lengths act 
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successively, each only for a fraction of the total 
time of recording. This waste of energy can be 
avoided by methods which are grouped together by 
such names as ‘Fourier transform method’ or ‘multi- 
channel spectroscopy’. Their principle goes back to 
Michelson’s interferometric analysis by ‘visibility 
curves’. We imagine the intensity in the centre of 
the fringe system, produced by a Michelson or other 
two-beam interferometer, to be recorded while the 
path difference is changed at a uniform rate, for 
example by translational motion of one of the 
reflectors. If the incident light is monochromatic, a 
pure sine curve will be recorded, and for any arbitrary 
spectral distribution the record obtained will be a 
Fourier transform of the spectrum. In principle, and 
with certain restrictions which need not be mentioned 
here, this record can be transformed back into the 
original spectrum by numerical calculation, or by the 
use of computers. In actual fact, the primary spec- 
trum has to be limited to a small spectral range, and 
certain information on the spectrum usually has to 
be assumed beforehand. Instead of the absolute 
wave-numbers, differences against a reference wave- 
number are often measured. 

The difficulty of making the motion exactly 
uniform, and the small path difference obtainable in 
practice, limit the method to low resolving powers 
and mainly to the infra-red. In this spectral range, 
on the other hand, the gain in light-gathering power 
which this method achieves is most valuable: 
because of the photon noise in the receiver, the 
resolving power obtainable is often limited by the 
intensity. This applies particularly to astrophysical 
measurements for which the method offers consider- 
able promise. A number of speakers discussed the 
principle of the method and described actual devices 
putting it into practice (P. Fellgett, G. A. Vanasse, 
J. and P. Connes, E. Ingelstam, P. Jacquinot, H. A. 
Gebbie, L. Merz). 

A most unorthodox system was described by P. 
Connes, who uses two plane gratings to form an 
interferometer ; they take the place of the reflectors 
in a Michelson interferometer and are slowly and 
synchronously rotated. At any given moment, light 
of that wave-length for which the incident and 
reflected wave-fronts are parallel is modulated by a 
longitudinal displacement of one of the gratings—in 
practice achieved by a to- and fro- rotation of the 
compensator. The device acts as a grating used with 
direct recording, but the absence of a slit ensures the 
gain in intensity characteristic of interferometers. 

P. Connes also described the construction and the 
first successful experiments with his ingenious 
‘spherical Fabry—Perot interferometer’. Between the 
partially reflecting, spherical surfaces the wave 
suffers four successive reflexions before it interferes 
with the direct wave, as compared with the two 
reflexions in the plane Fabry-Perot. The path 
difference is independent of the angle not only to the 
first power of small angles as in the ordinary etalon, 
but even to the second. This allows a greater solid 
angle to be used in recording, with a resulting gain 
in intensity. The instrument offers considerable 
advantages when very large path differences are 
required, and the adjustment is extremely easy. The 
spacing cannot, of course, be varied, and this will 
restrict the use of the instrument to special purposes. 

The use of multiple dielectric films as coatings for 
étalon plates were treated by F. A. Jenkins, P. 
Giacomo, A. Steudel, R. Lennuier, J. Ring, R. 
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Dupeyrat and F. Abelés. Two recent advances in 
this field will make dielectric coatings much more 
attractive to spectroscopists than they have been 
hitherto: the width of the reflexion band can now 
be made large enough to cover an appreciable portion 
of the visible spectrum, and films can be made for 
use in the ultra-violet down to 2500 A. 
Photographic interferometry, as a well-established 
method, very naturally played a smaller part at the 
conference. Any idea that it has now been superseded 
by recording methods and had become obsolete would 
be quite mistaken. Its great power of integrating 
and of simultaneously recording a large range of the 
spectrum will ensure its retention, and it is often 
preferable when wave-numbers rather than intensities 
are to be measured accurately. Contributions on 
precision measurements with a double étalon (D. A. 
Jackson) and on solar interferometry (P. J. Treanor) 
served as useful reminders of these facts. 
Metrological applications, designs of special inter- 
ferometers and various other topics were discussed. 
These have to be omitted from this report not for 
their lack of importance but for reasons of brevity 
and because they cannot easily be grouped together. 
H. G. Kunn 
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INTERNATIONAL UNION OF 
CRYSTALLOGRAPHY 


CONGRESS IN MONTREAL 


HE International Union of Crystallography held 

its fourth General Assembly and International 
Congress in Montreal, during July 10-17. About six 
hundred crystallographers from nineteen countries 
attended, accompanied by about one hundred and 
fifty wives (or husbands) and children. The Congress 
was followed by two symposia held during July 17-19. 
A full programme of social events and excursions of 
scenic and technical interest was arranged, and _first- 
class facilities were provided by McGill University. 
During the evening spent at the Université de 
Montréal the retiring president, R. W. G. Wyckoff, 
spoke on “Electron Microscope Studies of Macro- 
molecules’, with beautiful photographic illustrations. 
In the report on the meetings of the International 
Union of Crystallography held in Madrid in 1956+, it 
was commented that the arrangement of several 
simultaneous sessions was unsatisfactory, and that a 
number of small meetings, more restricted in scope 
and with a single subject only claiming attention at 
any one time, would be more valuable. This difficulty 
of fragmentation had been felt by the organizers of 
the Montreal Congress, and a number of general 
lectures were arranged on several mornings at a time 
when there was no competition from other meetings. 
These formed a valuable feature of the Congress, 
and provided a painless method for specialists in 
other branches to become acquainted with the present 
state of crystallography of proteins (D. Hodgkin), 
crystal chemistry (G.S. Zdanov), interatomic distances 
and molecular configurations (D. G. Jenkins, J. 5. 
Taylor and L. E. Sutton, presented by L. E. Sutton), 
clay minerals (G. W. Brindley), and imperfect struc- 
tures (P. B. Hirsch). In most of these fields there was 
steady progress but no striking new developments to 
report. Prof. G. S. Zdanov presented some unusual 
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views on crystal chemistry, and publication of his 
talk will be awaited with interest. Among the 
imperfect structures, the most interesting develop- 
ment was in methods for the direct observation of 
dislocations in crystals. It has been found possible 
to ‘decorate’ dislocations in such crystals as silver 
bromide and silicon with foreign atoms, thus i 
possible stereoscopic electron micrographs in which 
the dislocation network could be clearly seen. By a 
different technique of transmission electron micro- 
scopy, it has been possible to make motion pictures of 
dislocations in thin metal foils, showing pile-ups, 
networks, splitting of dislocations to form stacking 
faults, and the interaction of dislocations with 
boundaries. 

The technical scientific papers were arranged in 
seventeen sections, of which four or five were generally 
meeting simultaneously. There was, therefore, little 
relief from the overcrowding experienced in Paris? 
and Madrid. It is clearly impossible to detail the 
proceedings of all the sections, but a few of the more 
important features may be mentioned. In the Section 
on apparatus and technique, developments in the use 
of high-speed electronic computers were perhaps the 
most interesting. Methods for the accurate measure- 
ment of integrated intensities, the basic requirement 
for all structure work, were also described. The 
section on structure determination reported progress 
in phase-determination by several methods, but there 
seems to have been nothing as striking as the first 
impact of sign relations*. Minerals, clay minerals, 
and metals yielded a considerable number of new 
structures ; the increasing complexity of structures 
of metals is noteworthy. Aside from numerous mono- 
clinic alloys, elemental plutonium is monoclinic, with 
16 atoms per cell and a co-ordination number of about 
14. Complex oxides were perhaps the most interesting 
of the new inorganic structures; ribonuclease and 
viruses claimed attention in the Section devoted 
to the proteins and related compounds—which 
ranged from glycine to hemoglobin. The Section on 
order-disorder phenomena and deformations and 
imperfections formed a rather artificial division of an 
active field. The ‘spikes’ in the reciprocal lattice of 
some diamonds and the distribution of intensity 
in reciprocal space corresponding to crystals with 
mistakes are still not completely understood. Dis- 
order phenomena (in cobalticyanides, for example) 
were also reported in other sections. Crystal growth 
was perhaps remarkable in that little mention was 
made of dislocations. Neutron diffraction provided 
information about structures not easily obtained by 
X-ray means, including the location of hydrogen 
nuclei in hydrogen bonds. 

Two Commissions of the International Union, on 
data and teaching respectively, held open meetings 
virtually amounting to additional sections. In the 
meeting of the Teaching Commission, H. Lipson 
showed the importance of Fourier transforms, especi- 
ally those produced with such ease by optical means, 
as a teaching method. Other papers discussed band 
groups (A. Pabst), and crystal growing (R. Kiriyama) 
as student exercises, and the lessons to be gained from 
a study of the historical development of our knowledge 
of zeolites (R. Hocart). The Data Commission was 
chiefly concerned with possible improvements, both 
in the data themselves and in methods of their use, in 
the “X-ray Powder Data File’, though single-crystal 
and electron-diffraction data were not quite for- 
gotten. 
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Both the Apparatus and the Teaching Commissions 
organized non-commercial exhibitions. In addition, 
there were many exhibits of X-ray generators, 
cameras, diffractometers and other equipment avail- 
able commercially, some exhibits of apparatus and 
techniques from university and government labora- 
tories, and a stand of crystallographic books on show. 

The symposia were concerned with physical tech- 
niques and electron diffraction. Much attention was 
paid to nuclear magnetic resonance, on which an 
introductory lecture was contributed by C. J. Gorter. 
Like neutron diffraction, this technique provides a 
method of locating the hydrogen nuclei in crystals. 
There were also one or two papers on dielectric and 
diamagnetic measurements. The symposium on 
electron diffraction was one of the most interesting 
parts of the Congress, and one in which much pro- 
gress was reported, but there seem to be outstanding 
problems in relating diffraction intensities with 
structure. The contributions from Russian and 
Japanese members of the Congress were particularly 
noteworthy. 

Much of the time of the business sessions was taken 
up with the discussion and adoption of a new set of 
statutes and by-laws. A new Commission on Electron 
Diffraction was set up, and the membership of the 
Commission of Crystallographic Nomenclature was 
severely pruned—possibly indicating changes in the 
emphasis on these fields. Preparations were made for 
holding the next Congress and General Assembly in 
Cambridge in 1960, and for the celebration of the 
fiftieth anniversary of the discovery of X-ray diffrac- 
tion in Munich in 1962. A new publication of the 
International Union of Crystallography, reporting 
apparatus and techniques, was projected, but it is 
not yet certain whether this will be found practicable. 
J. Wyart (Paris) was elected president of the Union 
for the period to the next General Assembly. 

A. J. C. Witson 


1 Nature, 178, 177 (1956). 
* Nature, 174, 378 (1954). 


RHEOLOGY OF DISPERSE 
SYSTEMS 


HEOLOGISTS from Holland, Germany, Israel, 

Canada and New Zealand were among nearly a 
hundred who met during September 19-21 to discuss 
the flow properties of dispersions at the Annual 
Conference of the British Society of Rheology, held 
this year in the University College of Swansea. 

In his presidential address to the Society, under 
the title ““Complicated Rheological Properties”, Prof. 
J. G. Oldroyd developed the thesis that even the 
simplest dispersions cannot, from their very nature, 
exhibit anything like simple rheological behaviour. 
Any system in which one component has viscosity 
and another has some degree of elasticity of shape 
must show a combination of viscous and elastic 
effects when subjected to a variable shear stress ; 
this must apply whether the system as a whole is 
solid or fluid. Precise calculations have been made 
of the type of the response to small variable shear 
stresses to be expected in disperse systems containing 
two components, at infinite dilution of one component 
in the other, in terms of arbitrary elastico-viscous or 
visco-elastic properties at small shear stresses assumed 
for the two components separately. Even a simple 
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emulsion of one Newtonian liquid in another, the two 
liquids being immiscible with a constant interfacial 
tension between them—physically the simplest 
dispersion of all—is necessarily elastico-viscous and is 
characterized by a single relaxation time and a single 
retardation time in addition to a viscosity constant. 
The restoring force providing the elasticity of shape 
is in this case the interfacial tension. 

Turning to the more general flow of a liquid disper- 
sion with rates of strain not necessarily small, Prof. 
Oldroyd showed that the equations of state of any 
system which at small rates is elastico-viscous cannot 
possibly be linear in the stresses and velocity gradients. 
No equations in which product terms are entirely 
absent could possibly be physically significant as 
equations of state of general validity, since linear 
equations, of necessity, imply modes of behaviour 
dependent on the (physically irrelevant) relative 
motion of the material and the co-ordinate system 
one happens to be using. It follows that even the 
simplest liquid disperse systems must be expected 
to show cross-viscosity effects—in particular, normal 
stresses, different in different directions, are called 
into play by a steady simple shearing motion at a 
finite rate. Associated with these effects are the 
Weissenberg climbing effects, in a positive or negative 
sense, or the variation of the viscosity with the rate 
of shear in steady shearing flow, or both these features. 

The idealized systems which the applied mathe- 
matician finds amenable to exact theoretical analysis 
are necessarily some of the most difficult in which 
to detect non-Newtonian behaviour experimentally, 
because of the small magnitude of the predicted 
departures from Newtonian flow at small concentra- 
tions of the disperse phase. Prof. Oldroyd submitted, 
however, that real suspensions and emulsions could 
searcely be expected to be simpler in their rheological 
behaviour than the mathematician’s idealized models, 
so that all the above-mentioned non-Newtonian 
effects should be looked for in real dispersions ; 
there, they will not always be small. Some of the 
experimental papers which followed bore out this 
contention that real dispersions have, indeed, com- 
plicated rheological properties. 

Recent careful experimental work on dilute sus- 
pensions of solid and liquid spheres in golden syrup 
and other liquids was described by Dr. 8. G. Mason 
(Pulp and Paper Research Institute of Canada, and 
McGill University). The motion of individual sus- 
pended particles and the internal circulation in 
suspended droplets have been observed under the 
microscope at the same time as viscosity measure- 
ments were being made in a Couette instrument. 
Evidence for the existence of a visco-elastic film of 
emulsifier at the interfaces in an emulsion has been 
collected by Dr. Mason, W. Bartok and M. A. Nawab, 
from both viscosity and internal circulation measure- 
ments ; the results are in good agreement with the 
theoretical formule of Einstein, Taylor and Oldroyd, 
and there is a clear gradation of the skin effects with 
concentration of emulsifier. A study has been made 
of the change of shape of droplets at finite rates of 
shear and of the formation of doublets—complica- 
tions usually ignored in theoretical treatments. 

Dr. R. L. Whitmore (University of Nottingham) 
directed ,attention to some quite unexpected effects 
in the flow of a suspension in a narrow tube. The 
average speed of travel of the suspended particles 
exceeds the average speed of travel of the suspension 
as a whole, whenever the radii of the typical particle 
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and of the tube are comparable. There is a theoretical 
explanation of this, and decisive experimental 
confirmation, the volume concentration of the dis- 
perse component being slightly less in a tube than in 
two reservoirs connected by the tube. Such pheno- 
mena call for great caution when one is obtaining 
samples of a suspension, for example, by means of a 
pipette ; and give rise to apparent wall-slip, since the 
apparent viscosities observed in capillary visco- 
meters of different diameters are slightly different 
in consequence, and different from the viscosity of 
the suspension as observed in a Couette instrument. 

Carefully graded sizes of ‘Perspex’ spheres (in the 
overall range of diameters 40—435u) suspended in a 
liquid of the same density have been used in a series 
of experiments described by Dr. G. F. Eveson 
(University of Birmingham). These experiments 
give some support to the rule that one can calculate 
the viscosity by a repeated application of Einstein’s 
law, when two distinct, sharply sized fractions are 
present, the larger spheres being effectively suspended 
in a homogeneous liquid, rheologically equivalent 
to the finer particles in the pure liquid. The disturb- 
ing effect of particle interactions was apparent when 
the average distance between sphere surfaces was less 
than three-quarters of the mean diameter of the 
suspended spheres. 

A descriptive theory of the flow of suspensions in 
terms of vorticity, energy and action was put forward 
by Dr. T. V. Starkey (Technical College of Monmouth- 
shire). As one might expect from a largely dimen- 
sional argument, the results differed from accepted 
theory in respect of the numerical constants, for ex- 
ample, the specific viscosity of an idealized suspension 
is obtained as three-fifths of the correct Einstein value. 

Disperse systems with the consistency of thick 
pastes were discussed by a number of other speakers. 
Dilatant and thixotropic pastes were demonstrated in 
films shown by Dr. A. Jobling (University of Cam- 
bridge) and J. E. Roberts (Ministry of Supply), the 
technique used being that of deforming samples by 
spreading them on a rubber sheet the change of shape 
of which can be carefully controlled. The appearance 
of periodic cracks and their subsequent disappearance 
on relaxation of the material by vibration are some- 
what analogous to certain phenomena observed in 
metals. The Weissenberg effect in the negative sense 
can be observed in certain materials of this kind, as 
was also demonstrated in some pigment-plasticizer 
pastes by E. Bantoft (Imperial Chemical Industries, 
Leathercloth Division). In these, marked non- 
Newtonian flow was observed in shearing, possibly 
with a finite yield value. Thixotropy, dilatancy and 
the very marked elastic ‘solid’ rasponse to suddenly 
applied stresses were observed, and explained in 
terms of the flocculation of particles. Somewhat 
similar results for pigment-oil suspensions of the 
printing-ink type were described by N. Casson 
(Imperial Chemical Industries, Dyestuffs Division). 

Different viscosity measurements arising from non- 
Newtonian flow, as given by different commercial 
viscometers, were illustrated by the results of E. H. 
Steiner (British Food Manufacturers Research Asso- 
ciation). In molten chocolate, a complex dispersion 
of cocoa particles, milk and other fats, liquid cocoa 
butter, sugar, etc., rheological properties are sensitive 
to fat content, size of particles, size distribution, heat 
treatment, temperature, and moisture content. Some 
starch-clay coating mixes, as described by R. 5. 
Lenk (Bowaters Development and Research, Ltd.)s 
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are equally complicated, and sensitive particularly 
to the content of amylose. The yield values and 
apparent viscosities of lutings used for water-proofing 
screw-threads—for example, a dispersion of synthetic 
wax in polyisobutene of low molecular weight— 
have been measured by W. A. Dukes (Ministry of 
Supply) in the parallel-plate, torsional and cylinder 
plastometers, with results which are not easy to 
analyse. 

A novel departure from the conventional dispersion 
was demonstrated by T. C. Daniels (University 
College of Swansea), who described experiments on the 
fall of metal spheres of different sizes and densities 
through fluidized beds of sand, ilmenite, and similar 
powders. Such a bed is not a single, physically well- 
defined piece of matter but consists of a ‘framework’ 
of dispersed particles with the continuous component 
(air) in appreciable linear motion relative to this 
framework. The usually neglected migration effects 
(sedimentation, creaming, etc.) are here of great 
importance. Anisotropy is to be expected because 
of the privileged direction of the air flow. Experi- 
mental results lead to an empirical law that the 
terminal velocity of fall of a sphere through the bed 
is a constant plus a term proportional to diameter 
squared and to a power (somewhat greater than unity) 
of the density difference. Such a clear departure 
from Stokes’s law deserves the interest of theoreti- 
cians. The experimental work is to continue with an 
investigation of the viscosity appropriate to shearing 
between vertical cylinders. . 

Informal evening discussions in the recently opened 
men’s hall of residence, Neuadd Gilbertson, included 
one at some length on the subject of rheological 
nomenclature, to which much thought had been given 
by the Dutch rheologists. A free exchange of widely 
divergent views, under the chairmanship of Dr. G. W. 
Scott Blair, brought into relief, if nothing else, the 
many different scientific disciplines—physics, biology, 
engineering, chemistry, mathematics—which are 
brought together in the membership of the British 
Society of Rheology for the study of deformation and 
flow. 


HIGH POLYMER, COLLOID AND 
SURFACE CHEMISTRY 


t= DER the auspices of the South Australian 
Branch of the Royal Australian Chemical 
Institute, a discussion meeting on “High Polymer, 
Colloid and Surface Chemistry’? was held during 
August 19-21 in the Department of Physical and 
Inorganic Chemistry at the University of Adelaide. 
The meeting was arranged by the Theoretical Chemis- 
try Group, which has felt for some time that, because 
of the isolation due to the large distances between 
centres of research in Australia, there exists a great 
need to bring together members working in related 
fields of chemistry so that current problems can be 
discussed. 

More than seventy members and visitors attended, 
including forty visitors from other States of the 
Commonwealth, and twenty-nine papers were pre- 
sented during the three-day meeting. These were 
classified under the general headings: surface 
chemistry ; synthetic high polymers; and _poly- 
electrolytes and natural high polymers. The session 
opened with a series of papers dealing with the 
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measurement and interpretation of surface :» « 
mena. 

The first paper, by Prof. A. E. Alexander (Univer- 
sity of Sydney), outlined the methods employed in 
studying the relation between surface mechanical 
properties and chemical constitution of linear poly- 
mers. Prof. Alexander reported on a recent examina- 
tion of isotactic and atactic polypropylene oxide at 
the oil/water interface. The necessity for further 
study at lower surface pressures was stressed. Some 
aspects of the surface properties of co-polymers con- 
sisting of styrene with very small amounts of vinyl 
pyridine were discussed. 

Dr. C. 8S. Hocking (Imperial Chemical Industries, 
Australia and New Zealand, Melbourne) described 
some investigations by himself and Miss G. M. Parkins 
into the effect of changes in the degree of hydrolysis 
and molecular weight of polyvinyl alcohols on surface 
properties. A series of commercial polyvinyl alcohols, 
varying from 73-98 per cent hydrolysed, had been 
examined. 

The use of ultra-violet absorption spectra in 
determining critical micelle concentrations of solutions 
of alkyl pyridinium iodides in water and organic 
solvents was reported by Dr. J. A. Friend (University 
of Tasmania). Above the critical concentration of 
micelles in water new absorption bands appear and 
are considered to be due to the iodide/pyridinium 
association. There was much discussion concerning 
the manner in which the iodide ions are associated. 

A paper by D. A. Haydon and J. N. Phillips on the 
adsorption of detergents on oil drops and their charge/ 
potential relationship was read by Dr. Phillips 
(Commonwealth Scientific and Industrial Research 
Organization, Canberra). His results confirmed that 
the theoretical form of the Gibbs equation is applic- 
able to the adsorption of surface-active electrolytes 
in the absence of an additional electrolyte. The 
adsorbed ions obey the equation of state for an 
ideal charged monolayer. No simple relation was 
found between the surface and zeta potentials. 

In a paper by J. N. Phillips and N. A. Walker 
(Commonwealth Scientific and Industrial Research 
Organization, Canberra) on the effect of detergents on 
Nitella cells, Mr. Walker showed evidence which 
suggests that the site of attack of solutions of both 
cationic and anionic detergents on cells of the green 
alga Nitella is the cytoplasmic outer membrane. The 
time required for death of cells to occur was studied. 
The relative effects of detergents and of changes in 
salt concentration indicate that adsorption on a 
negatively charged surface is involved. Adsorption 
of the detergent on the cell wall has been investigated. 

Dr. B. 8. Harrap (Commonwealth Scientific and 
Industrial Research Organization Wool Textile 
Research) presented the results of a study of the 
surface properties of soluble derivatives of wool 
keratin. Surface properties of the dye ‘orange II’ 
were described and also the influence of pH and ionic 
strength on the interaction of the dye with mono- 
layers of a partially fractionated soluble derivative 
of wool keratin. At low ionic strength, interaction is 
probably by ionic bonding between dye anions and 
positively charged protein side-chains below the 
interface. At high ionic strengths, penetration of 
the monolayer by the dye is apparent. This is due 
to a change in the state of the dye adsorbed at the 
interface. 

Surface films of gluten have been investigated, and 
surface pressure, compressibility, viscosity and 
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rigidity at both air/water and oil/water interfaces 
have been measured. Mr. N. W. Tschoegl (Bread 
Research Institute of Australia) pointed out that the 
decision to use the techniques of surface chemistry 
was dictated largely by their cheapness. The systems 
studied were solutions of gluten in hydrochloric acid, 
sodium salicylate and mixtures of hydrochloric acid 
in ethylene chlorhydrin. 

The adsorption of high polymers on solids was 
reviewed by G. E. Neu (New South Wales University 
of Technology), who pointed out that very little work 
had been done on the subject. Mr. Neu reported that 
the system polyvinyl acetate/carbon black/benzene 
is being investigated in Sydney, where the amount 
of polymer in the solvent is estimated by means of 
measurements of surface pressure. 

Dr. B. D. Cuming (Commonwealth Scientific and 
Industrial Research Organization, Melbourne) dis- 
cussed the adsorption of amphipathic ions on an ionic 
solid. The theory proposed by Held (1935) has been 
shown to account for the re-wetting of the surface at 
high concentrations. Measurements of adsorption of 
sodium dodecyl sulphate on barium sulphate and the 
effect of potential-determining and other ions are 
supported by the double-layer theory. 

The rate of desorption of radioactive stearic acid, 
deposited by the Langmuir—Blodgett technique on 
single and polycrystalline silver surfaces, have been 
measured by Geiger-counter and autoradiographic 
techniques. J, A. Spink (Commonwealth Scientific 
and Industrial Research Organization, Melbourne) 
described experiments which show that the forces by 
which long-chain polar molecules are attached to 
solid surfaces depend upon the crystal orientation of 
the substrate. Since desorption rates have also been 
found to be influenced by the state of surface, it was 
necessary to standardize the method of surface 
preparation. 

The first two papers on the second day were con- 
cerned with kinetic studies. In the first, Dr. A. 
Parts (University of Sydney) presented some results 
on the kinetics of polymerization of acrylonitrile in 
water in the presence of hydrogen peroxide and ferric 
salts. The reaction was found to be second order with 
respect to the dissolved monomer. The rate increases 
with increasing concentrations of hydrogen peroxide 
and iron salt, but decreases with increased concentra- 
tion of hydrogen ions. The degree of polymerization 
was found to increase with increasing concentration 
of monomer and hydrogen ions, but to decrease with 
increasing concentration of hydrogen peroxide and 
ferric salt. Possible mechanisms were discussed, but 
the complete picture remains obscure. 

In the second paper some recent work on the 
polymerization of styrene in solution in carbon 
tetrachloride and catalysed by aluminium chloride 
was reported by F. E. Treloar (University of Adelaide), 
who stated that intensive drying of reagents failed to 
stop polymerization. However, the bright colours 
attending the reaction indicate that the last trace of 
water was not completely eliminated. The rate of 
polymerization was shown to be second order with 
respect to the monomer and first order with respect 
to the catalyst. 

The two papers on kinetics were followed by a group 
of three papers dealing with synthetic problems con- 
cerning block and graft co-polymers. Presenting the 
first of these papers by W. G. P. Robertson and J. M. 
Hammond, Mr. Hammond (Weapons Research Estab- 
lishment, South Australia) described several methods 
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attempted in the synthesis of polymers consisting of 
a polyisobutene backbone bearing branches of poly- 
methyl acrylate. The most successful involved con- 
version of the hydrocarbon polymer to a photo- 
chemical polyinitiator by photobromination, followed 
by branch-growth polymerization of methyl acrylate. 
The graft polymers formed display odd behaviour in 
solution due to the marked difference in nature 
between the backbone and the branches of the 
molecules. Kinetic study was hampered by troubles 
with solubility, but it was obvious that the kinetics 
of the system are more complicated than might be 
expected. 

Two new methods for preparing block co-polymer 
were presented by Dr. J. R. Urwin (University of 
Adelaide). In the first case, polystyrene containing 
cumenyl end-groups was prepared by polymerizing 
styrene in the presence of cumenyl mercaptan. The 
polystyrene was oxidized and the product used in an 
emulsion-type polymerization of methyl methacrylate. 
In the second case, the dihydroperoxide of cyclo- 
hexanone was used in an emulsion polymerization to 
produce polystyrene, which was then employed as an 
initiator in the bulk polymerization of methyl meth- 
acrylate. The polymers were shown to contain block 
copolymer by comparing the turbidimetric titration 
of the block with simple mixtures of the parent 
polymers. 

The third paper, presented by D. H. Solomon 
(Balm Paints, Sydney), described how the application 
of concepts of polymeric structures of block or graft 
type were contributing to the evolution of improved 
surface coatings. Blends of alkyds, drying oils, 
vinyl monomers with epoxy and urea formaldehyde 
resins have shown that some of the resulting three- 
dimensional structures with long-range periodicities 
offer outstanding combinations of desirable pro- 
perties. 

Of technological interest also was the next paper, 
on the cross-linking efficiency of monomers in poly- 
ester resins, by W. G. P. Robertson and D. J. Shepherd 
(Weapons Research Establishment, South Australia). 
In the paper, read by Dr. Robertson, the physical 
properties of resins prepared from the same unsatur- 
ated polyester with different monomers were com- 
pared. Some correlation was found between resin 
properties and calculations of degree of cross-linking 
based on the known behaviour of the monomers 
co-polymerized with fumarate esters. 

Dr. J. V. Sanders (Commonwealth Scientific and 
Industrial Research Organization, Melbourne) read 
a paper by himself and R. G. Sherwood on the thermo- 
dynamics of mixtures of silicones and benzene. 
Measurements have been made of the vapour pressures 
of these mixtures over the complete range of con- 
centrations. Results were compared with calculations 
made using the ‘cell’ theory of liquids and the agree- 
ment was found to be satisfactory. Three samples 
of silicones available commercially, with the usual 
spread of molecular weights, were used in these 
experiments. 

In a study of second-order transitions in non- 
crystalline high polymers Dr. H. A. J. Battaerd 
(Imperial Chemical Industries, Australia and New 
Zealand, Melbourne) presented the results of a 
study of apparent second-order transitions in the 
system polyvinyl! chloride/dioctyl phthalate, made by 
following the dependence of refractive index on 
temperature. A number of transitions were found, 
suggesting various stages in the plasticization. 
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I. Endzins (Hilton Hosiery, Ltd., Victoria) described 
the fractionation of three commercial acetate rayons 
in the system phenol/cyclohexane. The mass, 
frequency and integral distribution curves were 
determined. The relations between these distributions 
and such properties of the fibres as acid content, 
swelling and absorption of moisture were discussed. 

The final day was devoted to discussion of poly- 
electrolytes and natural high polymers. The first 
two papers concerned properties of solutions of 
polyelectrolytes, and then a series of papers on natural 
high polymers was read. Studies of viscosity, con- 
ductance and streaming birefringence in aqueous 
solutions of poly-4-vinyl pyridonium chloride were 
presented by T. Kurucsev (University of Adelaide). 
The dependence upon concentration of these physical 
properties was found to be discontinuous at very low 
concentrations, and an interpretation of this be- 
haviour was presented in terms of the reversible 
aggregation of the polyelectrolyte molecules. The 
possible forces involved in the formation of aggregates 
were discussed. 

Experiments designed to measure the charge on 
polyelectrolytes in solution were described by J. E. A. 
Gooden (University of Adelaide). It was reported 
that measurements of conductivity and of transport 
properties on polymethacrylate ions showed a de- 
crease in charge with an increase of bound counter- 
ions. Sodium deoxyribonucleic acid shows the 
opposite trend. It was suggested that a composite 
curve of these results might in fact represent a general 
phenomenon. 

The denaturation of proteins by the action of urea 
was reviewed by Dr. H. A. McKenzie (Commonwealth 
Scientific and Industrial Research Organization, 
Sydney). The results of experiments on a series of 
proteins in the presence of 7 M urea were discussed in 
terms of a denaturation process and aggregation. 
Measurements of sedimentation, diffusion and viscos- 
ity had been used for determining denaturation and 
optical rotation to detect aggregation. Dr. McKenzie 
reported the effects of pH on these measurements, and 
cautioned against drawing conclusions at a particular 
range of pH, since in some cases reaction is slow and 
therefore the measurements are dependent upon 
time. 

The interaction of whole serum with water-soluble 
amides and triazoles in relatively dilute solutions was 
reviewed by Prof. J. B. Polya (University of Tas- 
mania). The main features of extensive electrophore- 
tic studies were presented in some detail. The effects 
of time, pH and protein concentration were reported, 
together with preliminary viscosity data. Prof. 
Polya presented an interpretation of these observa- 
tions and discussed some applications. 

The properties of «-keratose and S-carboxymethy1 
kerateine-2 have been studied by sedimentation, 
viscosity and light-scattering methods by E. F. 
Woods (Commonwealth Scientific and Industrial 
Research Organization, Melbourne). It was shown 
that in aqueous buffer systems the molecular para- 
meters determined by these methods are dependent 
on time, temperature, salt concentrations, pH, and 
time and speed of centrifuging. The influence of 
disaggregating agents has also been studied. The 
most effective were 8 M urea, sodium dodecyl sul- 
phate, 10 M acetic acid and N/10 alkali. 

Dr. J. M. Creeth (University of Adelaide) read a 
paper by himself, L. W. Nichol and D. J. Winzor 
on electrophoretic fractionation of the albumin 
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component of egg white and the characterization of 
original and fractionated material by means of meas- 
urements of Rayleigh diffusion. The two components 
apparently had identical coefficients of diffusion. This 
lends some support to the hypothesis that the only 
difference between the components lies in their 
content of phosphate. 

A paper by L. G. Ericson and 8. G. Tomlin (Univer- 
sity of Adelaide) on the study of collagen by means of 
low-angle X-ray diffraction techniques was read by 
Dr. Tomlin. This work was designed to give evidence 
about details of organization in the size-range of, say, 
10-1000 A.—and thus provide information about 
the arrangements of large molecules in fibrous struc- 
tures. Attempts to solve the problem of the inter- 
pretation of these diffraction patterns by the incor- 
poration of heavy atoms into collagen fibres have 
been made using the complementary techniques of 
X-ray diffraction and electron-microscopy. In this 
way it has been possible to locate heavy atoms in the 
fibres, and a preliminary account of these findings 
was presented to the meeting. 

In a paper on the sedimentation of nucleic acid 
solutions, J. H. Coates (University of Adelaide) 
described experiments which indicate that the very 
sharp sedimentation boundaries exhibited by solutions 
of sodium deoxyribonucleate in the ultracentrifuge 
are related to a change in the charge on the nucleate 
ion across the boundary. Mr. Coates considered that 
this explanation is in closer agreement with experi- 
mental results than the hypothesis of the dependence 
of the sedimentation coefficient upon concentration. 

R. B. Inman (University of Adelaide) described 
some results from measurements of conductivity and 
transport made on salt-free deoxyribonucleic acid. 
Derived values, such as the charge and mobility of 
the polyion kinetic unit, were reported at the meeting, 
and it was suggested that the observed change of 
properties with concentration results from a reversible 
equilibrium between single molecules and aggre- 
gates. 

The isolation of tobacco mosaic virus in various 
states of aggregation was reported by J. N. Phillips 
and M. Zaitlin (Commonwealth Scientific and Indus- 
trial Research Organization, Melbourne). Prepara- 
tions of two strains of purified tobacco mosaic virus 
subjected to continuous electrophoresis on filter paper 
have been separated into a number of fractions. 
These fractions were examined by light scattering, 
by ultra-violet spectrophotometry and in the electron 
microscope. In the one case (U,) little difference 
was observed between the fractions, whereas in the 
other there was a progressive variation in the content 
of nucleic acid and in average molecular weight. 
Furthermore, the distribution of particle sizes 
throughout the U, fractions indicated the virus rods 
were split in a non-random fashion on the paper. 
These observations were discussed with reference to 
the different physical behaviour of the two strains in 
the light of the current conception of the structure 
of the tobacco mosaic virus. 

That the meeting afforded those who attended a 
welcome opportunity to meet others working in 
related fields and to discuss current research prob- 
lems was evidenced by the enthusiasm with which 
the papers were received and the lively discussion 
and comment they aroused. 


W. G. P. RoBEertson 
J. R. Urwin 
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BRITISH RUBBER PRODUCERS’ 
RESEARCH ASSOCIATION 


REPORT FOR 1956 


HE research interest in high polymers having 

industrial uses is very great in this post-war 
world and the subject has achieved, or almost 
achieved, academic respectability. Excluding the 
fibre-forming polymers, which are very adequately 
catered for in Britain with three research associations 
and at least two university departments, non-com- 
mercial research (namely, that carried out by bodies 
independent of the commercial interests of a given 
company) is unevenly distributed over the field of 
interest. Britain has nothing approaching the 
T.N.O. Instituut connected with the University of 
Delft in which studies are being made over the whole 
field of high polymers, their technical properties and 
applications. Thus, in Britain, no research associa- 
tion serves the thermosetting plastics industry, and 
thermoplastics, though largely used by rubber manu- 
facturing companies, are only dealt with unofficially 
and inadequately. 

In contrast with this, the earliest known of the high 
polymers, natural rubber, has an organization devoted 
exclusively to its study, besides being one of the main 
subjects of a research association sponsored by the 
Department of Scientific and Industrial Research. 
The British Rubber Producers’ Research Association 
is not so sponsored, but has been, and is, financed 
solely by a cess raised on rubber exported from 
British-controlled territories producing rubber. This 
is now changing : Ceylon has become an independent 
member of the Commonwealth, and the current 
annual report of the British Rubber Producers’ 
Research Association* will be the last dealing with 
work financed before the independence of Malaya 
was proclaimed. Of an annual income of £214,063 
from all sources, approximately £205,000 came from 
the east, including £183,000 from Malaya. This 
represents a considerably greater investment in 
research than the income that the Research Associa- 
tion of British Rubber Manufacturers derives from the 
industry in Britain (about £50,000 of a total income 
of £91,000). 

The research work of the British Rubber Producers’ 
Research Association is summarized by the director of 
research, Dr. L. Bateman, in a report consisting of 
twenty-six pages (including a number of figures and 
photographs) of technical summary, easily assimil- 
ated by the non-specialist reader and emphasizing 
ends rather than means. Considerable effort is being 
made to use natural rubber not only as a material 
in its own right, but also as the raw material from 
which other high polymers having different properties 
can be made. Graft polymerization has been studied, 
a@ variety of radical additions to the main chain 
molecules of the rubber being initiated either by high- 
energy radiation or by the utilization of one of 
the Association’s own discoveries. When rubber is 
milled in the ordinary course of factory processing, 
the molecule of high molecular weight is mechanically 
sheared, two ends being created from the centre of 
the broken hydrocarbon chain. These two ends are 
free radicals which normally attack some other 

* British Rubber Producers’ Research Association. Nineteenth 
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molecule or are ‘quenched’ by atmospheric oxygen. 
They can equally well, in the absence of oxygen, be 
used for initiating the polymerization of other active 
monomeric materials if these are present, and thus 
comes about an ingenious method of grafting one 
molecular species on to another. The difficult com- 
posite properties of tearing and abrasion are also 
being actively studied in the physics department, 
and with the aid of electron microscope studies of 
replicas of the torn surfaces, the structure at the 
growing tip of a tear has been examined, not merely 
for a pure gum rubber, but for vulcanizates loaded 
with filler particles such as the carbon black used in 
re-inforcing tyre-tread rubbers. 

All this and other work has been published for 
the free use of the world in a further twenty-four 
papers in the journals of various learned societies, 
bringing the total of communications to 241. No 
other series of papers can have done more than this 
series in bringing high-polymer studies to the academic 
rank they now occupy ; whether it can assure natural 
rubber a permanent place in the scheme of things is 
another matter, but that it has given the natural 
product a better chance of survival in a man-made 
world cannot be doubted. W. C. Waker 
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COMMONWEALTH OF AUSTRALIA 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


REPORT FOR 1955-56 


HE eighth annual report of the Commonwealth 
of Australia Scientific and Industrial Research 
Organization* covers the year ended June 30, 1956, 
in which expenditure was £6,266,234, of which 
£4,716,313 was on normal research activities, £100,431 
on grants to the Commonwealth Agricultural Bureaux 
and like bodies, £10,738 on capital works and the 
remainder on investigations financed from contribu- 
tions, which included £873,451 from the Wool 
Research Trust Account and £317,885 from the Wool 
Industry Fund. Besides details of personnel of the 
Council, committees and staff, the report contains a 
list of papers and patents published during the year. 
Reference is made to the increasing cost of equipment 
and the need for financial provision to keep equipment 
up to date if first-class research workers are to be 
retained. A permanent Patents Committee has now 
been established to examine proposals for patents, to 
review current patents periodically and to decide on 
the best method of exploiting the Organization’s 
patents for the benefit of the Commonwealth. A 
contract has been let for a design study for the giant 
radio telescope, towards which the Radio Astronomy 
Trust has now more than £520,000 in sight. 
Reconnaissance examinations were made of soils 
in the far north-west of South Australia for comparison 
with the soils and landscape previously studied at 
Yudnapinna in the north-west pastoral country: 
it is hoped that these investigations will assist the 
solution of some pedological problems there and lead 
to a better understanding of this arid part of Australia. 
In field work in the south-east region more emphasis 
* Eighth Annual Report of the Commonwealth ¥Scientific and 
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has been placed on an understanding of the principles 
governing the properties and distribution of soils. 
Seasonal changes in soil moisture have been followed 
successfully for two years with a method using neutron 
scattering as a function of the soil-moisture content, 
and much attention has been given to a study of the 
density of organic matter occurring in soils. Bioassays 
with Aspergillus niger and Curvularia geniculata 
indicated that Aspergillus niger in general procured 
more phosphate from insoluble sources than the 
general microflora, which in turn was better than 
Curvularia geniculata. Attempts have been made to 
classify foundation problems regionally in areas with 
soil formations of comparable engineering properties, 
and also to define certain basic procedures for 
determining appropriate foundations for domestic 
buildings. 

The main research projects of a team in biochemis- 
try and biophysics, recently established to serve as a 
centre of plant; biochemical research, will be con- 
cerned with plant metabolism, including a study of 
the pink pigment in root nodules which are actively 
fixing nitrogen, studies of plant proteins and their 
synthesis by the plant, of the mechanism of chloro- 
phyll formation and of the mobilization of sulphur 
by soil bacteria. Selected introductions of Phalaris 
tuberosa of known origin in the Mediterranean region 
are being critically examined under different environ- 
mental conditions, and the factors determining the 
onset and breeding of dormancy in selected clones of 
Phalaris tuberosa have been investigated, while in a 
comparative sward trial, Bromus inermis (C.P.I. 
7073) was outstandingly successful as an associate 
grass with Phalaris and in mixtures with lucerne. 
Work continued on the preparation of an index to 
Australian plant genera. 

Further investigation of the mechanism of ‘active 
resistance’ of plants to fungal disease has led to the 
separation of an antibiotic principle in plant exudate 
from infected tissues ; this principle results from the 
interaction between living host tissue and parasite. 
Big bud of tomato and yellow dwarf of tobacco are 
being studied with respect to the concentrations of 
hormone and inhibitor in virus-infected and healthy 
plants. A survey of a wide range of varieties of apples 
has shown that low concentrations of oxygen in the 
absence of carbon dioxide permit the use of low 
storage temperatures without increasing susceptibility 
to breakdown. Experiments at Hobart have con- 
firmed that diphenylamine gives greater control of 
apple scald than any existing treatment, and can 
be combined with the first wrap. The breeding pro- 
gramme for resistance to blue-mould in commercial 
flue-cured tobacco was expanded, and promising 
results have been obtained by pelleting clover seed 
with lime, thus protecting the Rhizobium inoculum 
from soil acidity and permitting nodulation of clover 
plants in soils otherwise too acid for survival of the 
Rhizobium. At Canberra evidence is being sought of 
the effect on animal production of insufficient feed 
supplies during winter and of poor quality supplies 
during summer, using various pasture and animal 
practices, while at Armidale native pastures on non- 
arable land have been greatly improved by incor- 
porating clover. Two separate studies on the 
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ecology of the riverine plain were completed at 
Deniliquin. 

Among irrigation investigations may be mentioned 
the studies of the effect of a brief shortage of water on 
nitrogen, protein nitrogen and phosphorus in the 
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young tomato plant, a preliminary survey of factors 
associated with accumulation and occurrence of salt 
in the Murrumbidgee irrigation area, and a study of 
the permeability of horticultural soils, which indicated 
the dependence of permeability of subsoils on soil 
texture and relative density. 

The Division of Animal Health and Production 
followed its normal programme of investigations, 
and a Cattle Tick Research Committee was estab- 
lished to review progress in this field. In further work 
on minor elements in the nutrition of sheep, a new 
and simple method of providing a cobalt supplement 
has been devised, while investigations of the effect 
of molybdenum and sulphate on copper metabolism 
were extended. Further work was done on the 
treatment of footrot and of internal parasites, as 
well as on the systemic administration of insecticides 
against blowfly strike of sheep. Laboratory tests 
showed that a strain of DDT-resistant ticks was 
susceptible to BHC, toxaphene and dieldrin, and other 
research on the cattle tick was concerned with acari- 
cide resistance, and the formulation of dipping fluids. 

The Division of Entomology placed increasing 
emphasis on the study of insect populations and 
factors which govern the abundance of insects, and 
these studies are linked with ecological investigations, 
particularly on pasture pests, such as grasshoppers, 
cockchafers, caterpillars, and also the earth mite and 
the lucerne flea, good control of both of which has 
been obtained with a mixture of malathion and DDT. 
The digestibility of wool modified in various ways 
is being investigated to throw light on the mechanism 
of digestion by Tineola proteolytic enzyme. The 
air-tight storage of grain has been further investigated. 
The Wildlife Survey Section is surveying the distribu- 
tion and abundance of marsupials in New South 
Wales and continued its detailed observations on the 
epidemiology of myxomatosis and its study of the 
population of the quokke, Setonix brachyurus, on 
Rottnest Island, Western Australia. Besides further 
field work in the Georgina Poison Area in northern 
Australia, the Land Research and Regional Survey 
Section was responsible for agricultural research in 
north Australia, and its investigations on natural 
vegetation at Kimberley Research Station continued, 
while at Alice Springs broad ecological surveys and 
plant identification continued. 

The Division of Fisheries and Oceanography com- 
pleted its study of changes in condition in barracuta, 
and has obtained evidence that sea mullet, ludrick, 
leatherjacket, flattail mullet, tarwhine, tailor and 
squire may migrate from Lake Macquari on attaining 
maturity. Electrical fishing equipment was used for 
comparing the fish population above and below the 
natural barriers formed by waterfalls in rivers which 
had received no hatchery fish for several years. 
Investigations of the ecology of the sulphur cycle 
continued, and the relative sensitivity of various 
marine fouling larve to copper and mercury is being 
studied. 

The Division of Food Preservation and Transport 
is studying the effects on citrus fruit from the districts 
of Queensland of recommended post-harvest treat- 
ments for killing fruit-fly larve and eggs in the fruit. 
It is also investigating the volatile substances pro- 
duced by fresh apples in their bearing on storage 
behaviour and superficial scald. The water require- 
ments of several strains of Clostridium botulinum 
have been determined, and studies of the factors 
fatal to micro-organisms in dried storage continued, 
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together with work on the time of application of the 
sodium o-phenylphenoxide dip for control of mould 
in oranges. The limits for desirable harvest-maturity 
of peas for canning have been determined, and work 
has commenced on the evaluation of different 
varieties: a study of maturity relations at Hawkes- 
bury Agricultural College suggested that peas for 
dehydration should be harvested at least one day 
before peas for canning. New chromatographic 
techniques are being applied to the isolation and 
identification of phospholipids as a step towards 
elucidating their role in deterioration of the flavour 
of milk. Thermoduric starters have been found to 
contribute appreciably to acid production in the 
manufacture of Cheddar cheese by the new short- 
cheese process, and defects due to high pH in cheese 
made by this method have been corrected. 

The Division of Forest Products studied liquefac- 
tion in the differentiating xylem of Pinus radiata 
and various species of Hucalyptus at different times 
in the growth-cycle, the factors influencing the rate 
of reaction of the hydroxy] groups of fibrous cellulose, 
the sorption characteristics of components isolated 
from Lucalyptus regnans and methods for the diffusion 
treatment of green timber. Building research in- 
cluded studies of the initial stages of the hydration of 
calcium sulphate, of the expansion of clay bricks on 
exposure to moisture, of the rheological properties of 
roofing bitumens and of the reverberation times of 
concert halls in Victoria. The investigation of the 
acids present in suint continued and work was 
commenced on the preparation of esters from wool- 
wax acids with a view of possible use as plasticizers. 
The radioactive-tracer technique has been used for de- 
termining the amount of residual crimp in two types 
of wool differing only in the number of crimps per 
inch. The rate and extent of combination of typical 
anionic, cationic and non-ionic detergents with wool 
fibre is being studied with reference to the uptake of 
dyes by wool. A continuous process for shrink- 
proofing woven fabrics with casein has been evolved, 
while industrial trials indicate that application of 
0-05 per cent dieldrin in the dyeing, bleaching or 
milling operations affords a protection against moths 
which is fast to dry-cleaning and resistant to atmo- 
spheric exposure. An extensive programme was also 
undertaken on the mechanical properties of wool. 

In the Division of Industrial Chemistry work con- 
tinued on the acid leaching of copper from calcinates 
produced in the fluo solids roasting of chalcopyrites 
concentrates, and also on the Division’s process for 
the preferential leaching of uranium by sulphuric 
acid autogenously produced from pyrites present in 
or added to the ore. The separation of zirconium and 
hafnium tetrachlorides by preferential reduction of 
zirconium to the trivalent state has been developed 
to a semi-continuous process and a study of the 
behaviour of zirconium carbide electrodes in fused 
salt baths was commenced. Increased attention was 
paid to the purification of thorium, including pre- 
liminary studies of the iodination of crude thorium, 
and chemical extraction tests promise economical 
extraction of germanium from the flue dust from coal- 
fired boilers of power-generating stations. A new 
approach was developed in the study of the strength 
of concretes, and the load-bearing capacity of plastic 
specimens of clays was related to the aqueous content 
over @ narrow range. 

A new theory of simple liquids was developed to 
give a satisfactory description of the critical regions 
Wi 
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of density and temperature, studies continued on the 
reinforcement of rubber by carbon black and a new 
process was developed for direct extraction of uranium 
from an ore pulp. Further calculations have been 
made on the energy-band structure of ionic solids and 
its relation to their optical properties, new types of 
electronic voltage stabilizers have been developed, 
while much effort was given to increasing the sensiti- 
vity of the small mass spectrometer and the stability 
of its power supplies. By reformulating conventional 
physical optics in terms of the Fourier transform 
and convolution concepts a new approach has been 
obtained which can profitably be applied to a wide 
range of problems in light and electron optics. 
Examination of the Alstonia constricta alkaloids and 
the study of pyrrolizidine alkaloids continued, as 
well as that of the seed fat of Mellotus philippinensis 
of Australian origin for its potential use as a drying 
oil. Besides basic studies of the characteristics of 
fluidized beds, data were accumulated for the design 
of large fluidized-bed reactors and a_ pilot-plant 
investigation was made of the fluidized-bed roasting 
of copper concentrates. 

Fuel research is mainly confined to coal, including 
studies of the changes in the X-ray diffraction of 
cokes and chars with rising carbonization tempera- 
ture, of the chemical mechanism of the formation of 
coke from coal, of the relation between flow of air 
and drop in pressure through fuel beds and the 
design of a new type of automatic recording balance, 
of a differential thermogravimetric balance to measure 
the rate of thermal decomposition of coal in coking, 
as well as studies on the properties and constitution 
of coal tar. In physical metallurgy attention was 
directed to the strength at high temperatures of 
titanium—niobium alloys which are mixtures of «- 
and §-solutions, while the Division of Tribophysics 
extended its studies of the adsorption of long-chain 
polar compounds on solid surfaces to include the 
adsorption of detergents, and has used the differential 
method of determining small changes in density to 
measure those which occur on annealing deformed 
nickel. 

In the Division of Physics, demonstration of the 
precision, speed and reliability of the new absolute 
method of measuring humidity was a feature of the 
work during the year. Research continued on the 
basic structure of metals and alloys as deduced from 
studies of their thermal and electrical properties at 
very low temperatures, and crystal imperfections 
produced by cold work were measured quantitatively. 
Besides a survey of the radio-noise levels throughout 
Australia and work on the growth of monocrystals 
of germanium and silicon, on the development of 
alloyed junction transistors capable of switching large 
currents and on the distribution of charge carriers in a 
semi-conductor under non-equilibrium conditions, 
the Division of Radio Physics has further developed 
equipment to study the spectra of solar bursts at 
metre wave-lengths and the very high resolution of 
the distribution of radio brightness over the solar 
disk at decimetre wave-lengths. The Radio Research 
Board has found that the radio effects can be pre- 
dicted once an ionospheric storm has begun and the 
practical application of this information is being 
investigated. 

In atmospheric physics the study of interactions 
between monsoonal and general circulation in the 
Australian region is being extended to the trade- 
wind region and the distribution of rainfall over the 
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continent. Work on the development of an accurate 
automatic method of measuring evaporation from 
natural surfaces, including growing crops, has reached 
an advanced stage. Measurements of the size and 
concentration of droplets in maritime and continental 
cumuli have shown that the droplet-concentration is 
systematically higher in continental cumuli, and 
further tests on artificial rain formation indicate that 
if seeding with silver iodide is to succeed the particles 
must be generated under conditions which ensure 
that they reach the supercooled regions of the 
atmosphere as soon as possible after release. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


REPORT FOR 1956 


N these eventful times, when so much is heard of 

atomic research and nuclear power, it is all too 
easy to forget that the production of good-quality 
food in amounts that will meet the needs of the 
world’s ever-increasing population is one of the most 
important problems on which intensive scientific 
research is still urgently required. With this in 
mind, it is cheering to turn to the annual report of 
the National Institute for Research in Dairying, and 
to realize that so much work is being done on the 
production, properties and utilization of milk and 
milk products, and that so much detailed study is 
being made in the various sciences on which the 
dairy industry in all its many branches closely 
depends. 

The Institute was founded forty-five years ago, 
and even a cursory glance at the report for 1956* is 
sufficient to show what marked progress it has made 
in recent years, and how clearly the action of those 
who founded it at Reading in 1912 has been justified. 
The total number on the staff in 1956 exceeded three 
hundred, more than one hundred of whom were 
graduates in one or other of the many branches of 
science. The Institute now has eight principal 
departments, covering dairy husbandry, feeding and 
metabolism, physiology, nutrition, bacteriology, 
chemistry, physics and engineering. In addition, 
there are sections that deal specifically with isotopes 
and statistics, and a unit the duty of which is to 
maintain liaison with the dairy industry. 

In the foreword of the report more than four pages 
are devoted to a very brief but highly informative 
outline of some recent investigations. The reader 
who wants to know at a glance what the Institute 
does, how its work adds to existing knowledge and 
how its findings apply to the dairy industry will find 
this short section particularly valuable. For the 
more leisurely reader this part of the report is 
followed by more than a hundred pages in which an 
account is given of the work of each of the main 
departments and units. Finally, for those who may 
be working in allied fields of research or who may 
require full details, a list of the Institute’s recent 
publications is given with titles and references. More 
than 150 papers are cited in the list, most of which 
were published in 1956. 

* National Institute for Research in pelevies : University of 

: Nationa 


Reading. Report, 1956. Pp. 158. (Shinfield 1 Institute for 
Research in Dairying, 1957.) 
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Many of the problems under investigation are 
likely to give results of immediate importance in 
some branch of the dairy industry. Such, for example, 
are the studies that are being made of the milking 
machine and the milking technique itself, the steril- 
ization of milk bottles, the ripening of cheese in 
modern types of wrapping and the ultra-high- 
temperature sterilization of milk. But in addition to 
work like that on subjects of immediate practical 
importance, the Institute has for many years enjoyed 
a well-merited reputation for the excellence of its 
fundamental work, particularly in the physiology of 
lactation and in the realm of nutrition. Among the 
many topics that fall into this category, mention is 
made in the report of research on the biosynthesis of 
carbohydrate by mammary gland tissue for which 
glucose labelled with carbon-14 was used. This study 
has shown that the galactose required for lactose 
formation is made from glucose in the mammary 
gland itself, and that pyruvate is not a precursor of 
lactose. Another piece of fundamental work has 
shown that the two §-lactoglobulins of cow’s milk 
differ in their crystal forms but have almost equal 
molecular weights. Yet another deals with the 
relations between the hormones oxytocin and pro- 
lactin in their influence on the mammary gland and 
on lactation. Statistical methods are being increas- 
ingly used in many of the Institute’s investigations, 
and in the past year they have been applied to a 
variety of problems, such as manurial trials with 
kale and cabbage, pasture evaluation and the assay 
of prolactin. 

It is good to know that in Britain, which at present 
produces only some 40 per cent of its own food, so 
much research work of this high standard is in 
progress in problems related to the important 
industry of dairying. 


WESTERN EUROPEAN 
CO-OPERATION 


r J “HE broadsheet “Designs for Europe” (No. 414, 

September 16, 1957), issued by Political and 
Economic Planning, follows two earlier broadsheets : 
No. 405 (December 17, 1956), which gave a sum- 
marized translation of Part 1 of the Spaak Report, 
dealing with the Common Market, in which are out- 
lined the proposals for the merging of markets, the 
policy to be pursued for the common market, and the 
development and use of Europe’s resources ; and No. 
412 (July 15, 1957), ‘““Free Trade and Social Security’. 
This broadsheet quotes the Government’s view 
expressed in the White Paper, “A European Free 
Trade Area’, that it was not considered essential, 
in order to achieve the degree of effective competition 
necessary for the functioning of the Free Trade Area, 
that agreement to remove the disparities between the 
social regulations in different countries should precede 
or be a necessary condition of the creation of such an 
Area ; it also summarized social security policies in 
Europe and described national schemes in France, 
Germany, Italy and Sweden before considering the 
possibility of international action. The broadsheet 
points out that there was insufficient information 
for a final opinion on the effects of great economic 
integration on social security policies and vice versa 
and that further research was needed. 
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“Designs for Europe” begins by reviewing the 
principal European organizations set up since the 
War—the Economic Commission for Europe, the 
Organization for European Economic Co-operation, 
Western European Union, the North Atlantic Treaty 
Organization, the Council of Europe, the European 
Coal and Steel Community, European Economic 
Community and the European Atomic Energy 
Commission. It then goes on to Britain’s relations 
with Europe, and emphasizes the strong practical 
reasons for some rationalization of these organizations. 

The concept of a single European Assembly to co- 
ordinate the activities, interests and objectives of all 
these varied and overlapping organizations is generally 
regarded as unworkable, but Political and Economic 
Planning suggests that it might be practicable on 
more limited fronts, particularly separate attempts 
to rationalize organizations concerned mainly with 
economic and military affairs, thus avoiding the 
difficulty of linking economic and military co- 
operation. It is suggested that the Consultative 
Assembly of the Council of Europe should become 
the Assembly of the Organization for European 
Economic Co-operation while continuing its present 
varied activities, and that this body might become 
the principal European economic assembly in which 
all Western European countries would meet. If a 
free trade area was established, the Organization 
for European Economic Co-operation would be the 
most appropriate body to control its work. 

The most successful role of the Economic Com- 
mission for Europe is considered to be in furthering 
technical co-operation, and it is emphasized that, 
wherever possible, duplication of technical co-opera- 
tion in other economic organizations should be 
avoided. No valid justification is seen for the con- 
tinued separate existence of the North Atlantic 
Treaty Organization and Western European Union, 
and it is suggested that the Assembly of the latter 
body might be widened into a North Atlantic Treaty 
Organization assembly. European co-operation, PEP 
concludes, is in danger of becoming ineffective, through 
lack of co-ordination. The whole pattern of European 
co-operation would be simplified by creating out of 
existing organizations a general economic and defence 
assembly for the West. 


TORNADOES IN GREAT BRITAIN 


HE tornado is a relatively thin, roughly vertical 

column of air rotating at very high speed about 
@ central axis in which the pressure is markedly less 
than in the surrounding air. The reduction of 
pressure leads to condensation of water vapour in 
the inflowing air to produce a cloud along the axis 
of the tornado, shaped roughly like a giant elephant’s 
trunk. In its more intense forms the tornado is the 
most violent and destructive of small-scale meteorol- 
ogical phenomena. The damage produced is caused 
by the direct battering of the high wind, the twisting 
effect of the very great shear of wind outwards from 
the axis, the lifting effect of the intense vertical 
currents along the axis and the explosive effect of 
the sudden reduction of pressure as the axis crosses 
buildings. The tornado moves with the general 
wind-current, causing damage where it touches the 
ground along a track ranging from a few feet to a 
hundred yards in width. Tornadoes are always 
associated with heavy thunderstorms, and the rotation 
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is clearly a dynamical phenomenon associated with 
convergence of air flow towards an axis, but a fully 
satisfactory theory explaining all their properties liens 
not yet been produced. 

The central plains of the United States in spring 
suffer more than anywhere else from tornadoes, 
probably because contrasts between adjacent air 
masses—in that region and season between air from 
the Gulf of Mexico and air from the Arctic north of 
America—are sharper than elsewhere and so produce 
more intense convection. 

In the British Isles destructive tornadoes are 
comparatively infrequent. An examination of pub- 
lished reports showed a total of fifty-four in the 
eighty-three years from 1868 to 1950, and most of 
these caused only minor damage. However, on 
May 21, 1950, there formed over the north-west part of 
the Chilterns a tornado which was more violent than 
most of those which cause damage in the United States. 

This tornado is comprehensively described by 
Mr. H. H. Lamb in Meteorological Office Geophysical 
Memoir, No. 99*. Mr. Lamb and Mr. J. Simmonds, 
then both of the Central Forecasting Office, Dunstable, 
which was close to the track, made a thorough 
investigation of the tornado in the days immediately 
following it. The tornado was first noticed near 
Wendover, Buckinghamshire, at the western end of 
the Misbourne Valley, whence it moved north-east- 
ward to the Fen country,’ causing serious damage in 
places where it touched the ground. The place worst 
affected was Linslade, where damage to the value of 
£25,000 occurred. Sheets of corrugated iron were 
carried for half a mile through the air. The great 
reduction of pressure in the centre is shown by the 
fact that it lifted water in a duckpond to a height of 
10 ft., which affords a rough estimate of the reduction 
of pressure as about one-third, since the height of the 
water barometer near sea-level is about 30 ft. The 
only known photograph, reproduced in the Memoir, 
of a tornado in Britain was taken by an airman at 
the R.A.F. Station at Halton as this one passed over. 

The Memoir gives a full account of the meteorol- 
ogical situation and, from the damage to trees and 
from winds recorded by anemometers a mile or so 
from the track, of the structure of the tornado. Mr. 
Lamb points out that the first tornado and _ its 
regenerations occurred at the openings of valleys at 
right angles to the general wind, where there would 
be an initial curving of flow to stimulate the spin. 
The sense of rotation in this instance appears to have 
been cyclonic (counterclockwise), but this is not 
always so and a tornado of anticyclonic rotation has 
since occurred in France (La Météorologie, Paris, 317 ; 
1955). 

A comparison of the observations with the theories 
of causes of tornadoes is given. The Memoir con- 
cludes with a note on the climatology of tornadoes 
in Britain which clearly exhibits the correspondence 
of areas of maximum frequency of both thunder- 
storms and tornadoes. 

It is interesting to note that on the thundery, 
squally afternoon of December 8, 1954, there was a 
sharp tornado to the west of London which caused 
severe damage along a line from Chiswick through 
Acton to Golders Green. A description with a radar 
photograph is given in the Meteorological Magazine, 
84, 320; 1955. 


* Air Ministry : Meteorological Office. Geophysical Memoirs, No. 99: 
B H. Lamb. Pp. 


Tornadoes in England, May 21, 1950. By H. 4+38+ 
4 plates. (London: H.M. Stationery Office, 1957.) 7s. 6d. net. 
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FOREST RESEARCH IN BRITAIN 


T is now about ten years since the Forestry Com- 

mission Research Station at Alice Holt was opened, 
and the Commission’s Research Branch, which might 
previously have been described with only slight 
exaggeration as ‘a one-man show’, was enlarged so as 
to enable it to deal more adequately with the diversity 
of problems which are encountered in the practice of 
forestry. The annual Report on Forest Research in 
Britain*, which prior to 1950 had been a modest, 
privately circulated document, has now become a 
publication which is essential to anyone who wishes 
to remain informed on modern developments of 
forestry technique. It reports not only the progress 
of work by the Commission’s own research branch, 
but also of work carried out with the support of the 
Commission in university departments, and although 
the detailed results of most of this latter research will 
usually be published elsewhere, the report of the 
Research Branch provides a compact and often early 
summary. 

The present phase of the Commission’s research is 
essentially one of consolidation and continuation of 
work which was started after the expansion of 1947 ; 
many new developments cannot be expected. For 
the first time, however, the soil chemist now attached 
to Alice Holt reports on his work, which has been 
largely of a preliminary and routine nature, including 
the analysis of plant tissues in addition to that of 
soils. Economics was the principal branch of forest 
research which was unrepresented during 1955-56 ; 
this deficiency has now been made good by the 
appointment of a district officer for economics 
research. 

The practice of forestry draws upon a wider range 
of techniques than do most comparable arts, and 
accordingly the investigations carried out by or for 
the Commission range over subjects as diverse as the 
performance of planting machines and the biology of 


* Report on Forest Research for the year ended March 1956. 
Forestry Commission publication. Pp. vii+172. (London: H.M, 
Stationery Office, 1957.) 6s. net. 


oribatoid mites. Much of the work is of a simple 
kind and is designed to decide practical details in 
technique. It is sufficient to note here with satis- 
faction that these details are being made the subject 
of thorough investigation and that many new pro- 
cedures, some of them unconventional, are being 
explored ; the impression is given that the Com- 
mission’s research staff is fully alive to the need for 
constantly reviewing forestry technique as new 
methods become practicable and as economic condi- 
tions change. 

It is appropriate here to direct attention to some 
of the research which has a wider scientific interest. 
Dr. Rishbeth’s work on the fungus Fomes annosus, 
which has already yielded such important results, 
has been resumed, and the Commission’s research 
branch is energetically studying its practical implica- 
tions. The fungi Meria laricis and Keithia thujina 
are becoming the subjects of intensive study at the 
Universities of Southampton and Nottingham re- 
spectively. Dr. Manners’s work at last seems to be 
deciding the relative importance of frost and of the 
fungus T'richoscyphella in causing larch canker. 

Entomological work has been dominated by the 
pine looper moth, Bupalu. pinarius, but the larch 
sawflies and the pine weevil, Hylobius abietis, have 
also received attention, and the discovery at many 
stations in Scotland is reported of the bark beetle 
Ips cembrae, a potentially serious pest of larch. 
The distribution of red and grey squirrels is 
noted. 

The application to the soil of formalin and alterna- 
tive sterilizing agents is still being studied ; it is now 
reported that the resulting stimulation of tree seed- 
lings cannot be ascribed to the destruction of fungi 
parasitic on the roots. Other investigations concern 
the use of fertilizers, a copper deficiency on heathland 
soils, and the action of mycorrhize. Dr. Murphy’s 
report on the biology of oribatoid mites which live 
in forest litter is also noteworthy. E. W. JonEs 


THE GOLGI CONTROVERSY 
By Pror. VISHWA NATH 


Department of Zoology, Panjab University, Hoshiarpur, India 


fa. the above title, J. R. Baker? has very 
ably summed up the evidence in favour of his 
now well-known view that we should concentrate on 
an objective study of the cytoplasmic inclusions and 
discard once for all the use of the terms ‘Golgi 
apparatus’, ‘Golgi bodies’, ‘Golgi substance’, etc. He 
has marshalled his evidence under three headings : 
(a) evidence from morphology ; (6) evidence from 


histochemistry ; and (c) evidence from ontogeny. 

The purpose of this communication is to scrutinize 
the evidence furnished by the school of cytology at 
Oxford in the light of our own work done in the 
Department of Zoology, Panjab University, Hoshiar- 
pur, and see if we can arrive at some definite 
conclusions. 


(a) Evidence from morphology. Baker' has given 
three examples of the many different kinds of cells 
that he and his colleagues have examined. 

(i) Neurones of the thoracic ganglia of Locusta. 
Shafiq?, working on the neurones of Locusta, describes 
only two cytoplasmic inclusions, namely, (4) homo- 
geneous globules stainable in life by neutral red 
(lipochondria), and (6) filamentous and granular 
mitochondria, stainable by janus green. Shafiq? used 
the osmium and silver ‘Golgi techniques’ on the lipo- 
chondria and observed that the lipochondria now 
reveal a black cortex and a pale medulla; and he 
interpreted these appearances as artefacts. 

In our laboratory, Malhotra* has worked on the 
neurones of Schistocerca and Laccotrephes, Anadenus 
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and Huausienia, and Pheretima, respectively. Mal- 
hotra generally supports Shafig, but has seen and 
photomicrographed the duplex structure of the lipo- 
chondria under phase-contrast in the living cell and 
also in sudan black preparations. Malhotra, there- 
fore, comes to the conclusion that the duplex 
appearances in Golgi techniques are not artefacts. It 
may be noted that neither Shafiq nor Malhotra 
describes a ‘Golgi network’. 

(ii) Sympathetic nerve cell of the mouse and 
rabbit. Thomas‘, Baker’ and Casselman and Baker* 
made observations on this material and detected 
only two cytoplasmic inclusions large enough to be 
visible with the light microscope, namely, spherical 
or spheroid globules stainable with neutral red, and 
mitochondria. Thomas described the globules as 
“‘binary spheroids’, Baker as ‘‘Golgi elements’? and 
Casselman and Baker as ‘‘lipochondria”. Thomas‘ 
also showed how the typical Golgi network is pro- 
duced in the Mann—Kopsch technique. 

In this laboratory Malhotra’ has worked on the 
ageing spinal ganglion cells of Rana tigrina and the 
spinal ganglion cells of the rabbit and squirrel. He 
has confirmed the findings of the Oxford school as 
given above, and he has also shown very clearly in 
the neurones of the tadpole that the “Golgi reticulum” 
described earlier by Gatenby et al. and Moussa and 
Banhawy’ does not exist in the living cell examined 
under phase-contrast. 

(iii) Intestinal epithelial cell of the mouse. Baker? 
and Casselman" worked on this cell. With Golgi 
techniques there appears a complicated reticular 
object in the cell, situated near the nucleus, on the 
side towards the free border of the cell. When this 
part of the cell is examined in life, or in frozen 
sections, a different picture is given. One sees 
globules of various sizes, but there is a special sub- 
stance, differing chemically from the ground cyto- 
plasm, between the globules; but since it is trans- 
parent and evidently of the same refractive index as 
the cytoplasm, it has not been seen in the living cell. 
To find how the Golgi reticulum is formed, osmication 
was tried. It was noticed that osmium was first 
deposited in or on the globules, and a life-like picture 
was thus produced. But when osmication is pro- 
longed to give the usual Golgi picture, osmium is 
also deposited in the material that lies between the 
globules. It is this stringy deposit that forms the 
Golgi reticulum of this particular cell. Casselman" 
identified this material lying between the globules as 
neutral mucopolysaccharide. 

In our laboratory, Rishi!*, working on the liver 
cells of Anadenus, failed to detect any ‘Golgi net- 
works’ in this material ; and in the living cell under 
phase-contrast as well as in the material pre- 


pared by Golgi techniques he could see lipid 
spheroids and filamentous mitochondria only. 
Likewise, Chand (unpublished work) has not 


observed Golgi networks in the exocrine cell of the 
rat pancreas. 

(0) Evidence from histochemistry. The most valu- 
able contribution of the Oxford school is with regard 
to the histochemistry of the so-called Golgi bodies. 
Here again the same three cells were selected. The 
neurone of the locust was studied by Shafiq and 
Casselman”. Their purpose was to determine the 
chemical composition of the globules in the cyto- 
plasm on which osmium is deposited by the Golgi 
technicues. It was concluded that the globules con- 
sisted of phospholipid and cerebroside. 


November 9, 1957 


VOL. 180 


In this laboratory, Guraya™t has worked out the 
chemical composition of the lipid contents of the 
pigeon oocyte. The mitochondria (£1), according to 
him, consist of fatty acids, phospholipids, tri- 
glycerides and proteins. The so-called Golgi bodies 
of other authors consist of phospholipids and tri- 
glycerides (L2). These last seem to give rise to the 
‘fatty yolk’ of Nath'*, which consists of triglycerides, 
cholesterol, and cholesteryl esters (Z3). In addition, 
Guraya describes some lipid bodies which appear 
at the periphery of the oocyte and which consist of 
phospholipids and triglycerides (PL). These last do 
not seem to have any connexion with L2 and L3. 
Again, Guraya has described at a comparatively 
early stage of oocyte growth a juxta-nuclear mass of 
bodies consisting of lipoproteins. Finally, he has 
described compound yolk bodies consisting of tri- 
glycerides, phospholipids, protein and possibly carbo- 
hydrates. 

Work on the histochemical studies of the cyto- 
plasmic inclusions in the eggs of reptiles, fishes, frog, 
cockroach, Culex, Chrotogonus and spiders being 
carried out in our laboratory points towards the 
conclusion that there are more than one type of 
lipid bodies in an egg, and in some cases the 
‘albuminous yolk bodies’ of previous authors also 
contain large quantities of lipids of different 
types. It has become clear that there are consider- 
able differences in the detailed chemistry of the 
lipid bodies of different eggs. 

Casselman and Baker*, working on the sympathetic 
neurones of the rabbit, came to the conclusion that 
the lipochondria consist of cerebroside and phospho- 
lipid. 

Casselman", working on the intestinal epithelial 
cell of the mouse, showed that the lipochondria 
consisted of neutral lipid having a higher degree 
of saturation than the triglycerides of storage 
fat. The substance in which the lipochondria 
were embedded was found to be neutral mucopoly- 
saccharide. 

(c) Evidence from ontogeny. Under this heading 
Baker! argues that there is no genetic continuity of 
the so-called Golgi bodies in successive cell genera- 
tions. He quotes Roque!*, who did not observe any 
traces of his ‘paranuclear bodies’ (Golgi bodies of 
other authors) in the spermatogonia or early primary 
spermatocytes of Helix aspersa. 

In our laboratory, we have carried out extensive 
investigations on the spermatogenesis of three pul- 
monate gastropods (Nath and Chopra™’, Nath and 
Gupta!*) and have shown that the Golgi dictyosomes 
in our material are absent from spermatogonia, early 
meiosis I and early meiosis IT. 

Reference may be made to Nath!* for examples of 
numerous germ cells in different animals which lack 
the Golgi apparatus. 

Conclusion. The Golgi network was considered as 
an artefact first by Schlottke®®, then by Hirsch”, 
and eventually by Nath®? and Baker‘; the discrete 
Golgi bodies described by numerous authors have no 
homology whatsoever with the classical “‘apparato 
reticolare interno’ described by Golgi. Again, it has 
been shown clearly that the so-called Golgi bodies do 
not have a fixed chemical composition even in the 
same cell. Lastly, the so-called Golgi bodies have no 
genetic continuity. 

It seems, therefore, best to accept the view of Dr. 
Baker—a view which has been very ably advocated 
—that we should discard the terms ‘Golgi apparatus , 
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‘Golgi bodies’, etc., and concentrate on an objective 
study of the cytoplasmic inclusions in the cell. 
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OF HABITAT OF MARINE FISHES 


By Pror. GEORGE WALD, PAUL K. BROWN and PATRICIA SMITH BROWN 
Biclogical Laboratories of Harvard University, Cambridge, Mass. 


T has long been known that the rods of coastal 

marine fishes contain the red visual pigment 
rhodopsin, with its wave-length of maximum absorp- 
tion (Amax.) about 500 my+. Recently, Denton and 
Warren? have reported that several species of fish 
taken at depths of about 500 metres (about 275 
fathoms) possess a visual pigment with Amax. about 
480 mu. These workers did not extract the pigment, 
but measured its difference spectrum in fresh retinas. 
They described its colour as golden, and suggested 
that it be called chrysopsin, or visual gold. 

Munz® has since extracted visual pigments from 
fishes taken at night at 280-380 fathoms, the Amax. 
of which ranged from 478 to 490 my. Munz 
found one species in which a pigment with Amax. 
478 my occurs together with ordinary rhodopsin of 
max. 500 my. All these pigments yielded retinene, 
on bleaching. 

The observation that deep-sea fishes possess differ- 
ent visual pigments from shoal-water fishes prompts 
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Fig. 1. Absorption spectra of rhodopsins from marine fishes, in 
2 per cent aqueous digitonin solution. Scup, butterfish, barracuda 
and flounder are typically surface forms; cusk and cod come 
from middle depths ; and the lancet-fish is a deep-sea form. The 
Maximum absorption (Amax.) shifts toward shorter wave-lengths 
in rough correlation with the depth. A more accurate index of 
the shift of spectrum is the ratio of the extinction at 540 my to 
that at the maximum (Z49/H#max.) 





Table 1 
Summer 
range of Amax. y 
Species depth (mz) EB sa0/ Emax. 
(fathoms) 


Summer flounder (Paralichthys 
dentatus Linnaeus) 2-10 503 0-695 

Scup (Stenotomus versicolor 
Mitchill) 





1-20 498 0-586 

Butterfish (Poronotus tria- 

canthus Peck) 1-30 499 0-610 . 
Barracuda (Sphyraena borealis 

DeKay) 1-10* 498 0-575 
Cod (Gadus callarias Linnaeus) 5-75 496 0-530 
Cusk (Brosme brosme Miiller) 10-100 494 0-455 
Lancet-fish (Alepisarus ferox 

Lowe) > 200 480 0-250 

















* Bigelow, H. B., personal communication. 


the question, at what depth does this difference occur ? 
One should scarcely expect the pigment to change 
abruptly at some specific depth ; and indeed it does 
not. Fig. 1 shows the absorption spectra of visual 
pigments extracted from a number of marine fishes 
which frequent depths of less than 100 fathoms, and 
from the lancet-fish, ordinarily found below 200 
fathoms. The lancet-fish visual pigment has Amax. 
480 muy, like the deep-sea forms described by Denton 
and Warren ; the pigments from fishes from shallower 
waters range in Amax. from 494 to 503 my. These 
and Munz’s observations make it clear that the visual 
pigments of marine fishes exhibit a continuous 
range of Amax., between the present limits of 478 and 
503 my. 

Our observations, though altogether too few to fix 
the relationship, suggest that within these limits a 
rough correlation exists between depth and the 
wave-length of maximum absorption (Amax.). Nothing 
exact can be sought in this regard, since fishes wander 
greatly in depth, and since it is already clear that a 
wide spread of Amax. exists at alldepths. Nevertheless 
it seems significant that the fishes we have examined 
that inhabit middle depths also exhibit intermediate 
values of Amax,: the cod, which ranges mainly from 
5 to 75 fathoms, with Amax. 496 my; and the cusk, 
found ordinarily at 10 to 100 fathoms, with Amax. 
494 my (Fig. 1, Table 1). 
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(Note added in proof : Since this paper was written, 
we have examined the rosefish (Sebastes marinus 
Linnaeus). It frequents the intermediate depth- 
range of 40-175 fathoms; and the Amax. of its visual 
pigment is 488 my.) 

Actually, as is apparent in Fig. 1, a better basis 
than Amax. for making such comparisons is the ratio 
of the extinction at 540 my. to that at the maximum 
(Egao/Emax.). In such broad absorption bands it is 
difficult to specify Amax. accurately, whereas Emax. 
and £4, can be read with precision. The possibility 
that these extinctions have been raised by contamin- 
ants can be obviated by bleaching the pigment with 
light in the presence of hydroxylamine, and using the 
changes of extinction as the measure of the visual 
pigment. 

Both Amax. and E549/Emax. for the fishes we have 
examined are listed in Table 1, together with charac- 
teristic summer depth-ranges*. In Fig. 2 both indices 
are plotted against depth. For the reasons already 
stated, the data are altogether too meagre to specify 
the form of this function. They are intended to do 
no more than indicate the trend of an emerging 
relationship. 

What is the chemical basis of the displacement of 
spectrum ? Rhodopsin is formed by the combination 
of a hindered cis configuration of retinene, called 
neo-b (11-cis), with opsin ; and bleaches to a mixture 
of all-trans retinene and opsin®. The visual pigments 
of the lancet-fish (Amax. 480 mu) and cusk (Amax. 
494 mu) exhibit the same properties. Each of these 
pigments bleaches in orange (non-isomerizing) light 
to a mixture of all-trans retinene and opsin, which on 
incubation in the dark with neo-b retinene regener- 
ates the original photosensitive pigment (Fig. 3). 
It may be concluded that all these visual pigments, 
since identical in prosthetic group, owe their differ- 
ences in spectrum to the possession of different 
opsins. 

It is a truism in biochemistry that each species of 
animal and plant possesses specifically different 
proteins. All hemoglobins have the same prosthetic 
group, ferrohzem, united with a type of protein called 
globin, which differs in every species so far examined. 
The hemoglobins differ in oxygen affinity, kinetics 
of reaction, stability, absorption spectrum, and other 
properties. Indeed, the hemoglobins of invertebrates 
differ characteristically from those of vertebrates®. 
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Yet because all these substances are ferrohem- 
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Fig.3. The rhodopsins of the lancet-fish (Amax. 480 my) and eusk 
(Amax. 494 my) were bleached with orange light to mixtures of all- 
trans retinene and opsin. On incubating these in the dark with 
neo-b (11-cis) retinene, the rhodopsins characteristic of these fishes 
were regenerated. The spectra of the regenerated pigments are 
shown, as drawn by a recording photoelectric spectrophotometer 


proteins which share a few general properties, it has 
proved useful to call them all hemoglobins. 

The rhodopsins are in a precisely parallel position. 
We define them as a class of visual pigments composed 
of neo-b retinene united with a type of protein found 
in vertebrate rods, called rod opsin or scotopsin. The 
pigments found in certain invertebrate eyes—squid’, 
lobster*—-have the same prosthetic group, and 
resemble vertebrate rhodopsins so closely as to 
make it useful to call them also rhodopsins. Each 
rhodopsin can be characterized specifically by the 
name of the animal which possesses it—thus cattle 
rhodopsin, squid rhodopsin. Each is composed of a 
different opsin, and with this go differences in stability, 
kinetics of synthesis and bleaching, absorption 
spectrum, and other properties. 

In accordance with this definition, we should like 
to call the pigments of deep-sea fishes rhodopsins. 
Since they exhibit, as do rhodopsins generally, 
considerable variation in Amax. and since they appear 
to lie at one extreme of a continuous transition from 
surface forms downward, we think it unfortunate to 
give them a special name, unless to call them deep- 
sea fish rhodopsins. Indeed, where otherwise is 
‘rhodopsin’ to end and ‘chrysopsin’ to begin ? 

It seems probable that the rhodopsins of marine 
fishes do not greatly transcend the limits already 
disclosed. As Denton and Warren indicate, vision 
is not possible with light penetrating from the surface 
at depths greater than those already sampled’. 
These authors note also that the displacement of 
spectrum observed in deep-sea fishes appears to be a 
significant adaptation to the quality of light penetrat- 
ing into the sea. In coastal waters, green light 
penetrates most effectively ; whereas in such deep 
waters as the Sargasso Sea and Gulf Stream, blue 
light reaches by far the greatest depth’®. Indeed, 
Clarke, discussing some twenty years ago the increas- 
ing blueness of light with depth in the ocean, com- 
mented, “These results raise the question of the 
possibility of a shift in the sensitivity of the eye of a 
deep-water fish toward the blue end of the spectrum”. 
This possibility has now been realized in the observa- 
tions of Denton and Warren, which open a new and 
unexpected chapter in biochemical ecology. 

This investigation was supported in part by funds 
from the Rockefeller Foundation and the Office of 
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THE ARACHIN MOLECULE 
By C. W. CATER, W. E. F. NAISMITH, R. H. K. THOMSON and G. R. URE 


Fibres Division, Imperial Chemical Industries, Ltd., ‘Ardil’ Works, Dumfries 


rT HERE is considerable evidence to indicate that 

in globular protein molecules the polypeptide 
chains are folded or coiled in some specific arrange- 
ment!. By means of end-group anaiysis, it is possible 
to obtain an estimate of the number of sub-units or 
individual chains in the molecule*. Branched peptide 
chains are unknown among the globular proteins’. 
Detailed single-crystal studies of a limited number of 
proteins have shown the presence of parallel rods of 
high electron density in the crystal structure*. The 
rods, which were of circular or elliptical cross-section, 
were in close-packed array and probably correspond 
to coiled polypeptide chains in the molecular struc- 
ture. Undoubtedly, hydrogen bonds and salt linkages 
play an important part in maintaining the structure 
of the native protein molecule and also in holding 
the sub-units together where these occur. 

When proteins are denatured by the action of such 
reagents as bases, urea, guanidine compounds, etc., 
the specific, internal structure of the protein under- 
goes alteration’. The closely folded polypeptide 
chains become unfolded in an irregular arrangement 
contrasting sharply with the compact native mole- 
cule. As a result of the unfolding, some of the reactive 
groups of the protein which were inaccessible to 
different reagents now become accessible. Denatura- 
tion usually results in radical alterations in the 
solubility and viscosity of the protein, and frequently 
in changes in molecular weight. The denatured 
molecules can usually form fibres’. The X-ray 
diagram of denatured globulins is similar to that of 
disoriented §-keratin (super-contracted), while on 
stretching orientation becomes more complete, the 
resulting diffraction pattern resembling that of fully 
extended §-keratin®. 

Wormell? has put forward a theory that the protein 
molecules remain globular or corpuscular even after 
denaturation. He contends that the protein molecule 
is composed of a number of polypeptide chains con- 
verging at the centre of the corpuscle, the chains 
forming loops and folding back on themselves. In 
the denatured state, the protein is considered to be 
like the pappus of a dandelion; but, before denatura- 
tion, more like the bud. Thus, according to this 
view, denaturation is merely the swelling of the 
corpuscle as a result of unfolding of the radial chains. 
N © explanation is offered by this theory for the con- 
siderable reduction in molecular weight which fre- 
quently occurs on denaturation—for example, with 





the globulin arachin’, which constitutes the major 
fraction of the proteins of the groundnut (Arachis 
hypogaea). 

A considerable amount of work has been reported 
on arachin, and the purpose of this communication 
is to collect this information with other unpublished 
results obtained recently in these laboratories in 
order to arrive at a clearer picture of the structure 
of arachin and the changes it undergoes upon 
denaturation. 

Undenatured arachin. Johnson and Shooter® by 
sedimentation velocity and diffusion measurements 
showed that the molecular weight of arachin is 
330,000. Johnson and Goring’® obtained the same 
figure by light-scattering techniques. 

The first authors, also by sedimentation and 
diffusion measurements, demonstrated that arachin 
dissociates into half-molecules of molecular weight 
about 170,000 on reducing the ionic strength of a 
solution. The position of equilibrium favoured the 
dissociated state at high pH values, but the rate 
at which equilibrium was achieved was greater 
at lower pH values. Arachin prepared by am- 
monium sulphate precipitation is always in the 
associated state when the ionic strength is greater 
than 0-2. End-group analysis by Sanger’s method?.14 
has shown that arachin has ten or eleven N-terminal 
groups of four species (Cater, C. W., and Ure, G. R., 
unpublished work). As the ¢-lysine amino-groups 
can all be ‘determined by the same method, presum- 
ably reaction is complete and there are ten or eleven 
peptide chains, linked by a method other than 
peptide bonds. 

Arachin half-molecule. By means of high pH values’, 
or the influence of guanidine hydrochloride™"*, it is 
possible to convert arachin to a half-molecule even 
at very high ionic strengths. The process does not 
stop at the half-molecule stage, but further break- 
down to very slowly sedimenting material occurs. In 
the case of high pH values (sodium hydroxide), the 
formation of the half-molecule is irreversible ; but in 
the case of guanidine hydrochloride, the reaction is 
at least partially reversible, since some of the parent 
molecule is re-formed after removal of the guanidine 
hydrochloride by dialysis. 

Diffusion measurements indicated that the low 
ionic strength half-molecules were more asymmetric 
than the parent molecule, the axial ratios being 
4-5 and 2-6, respectively®. This change in asymmetry 
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Table 1. END-GROUP RESULTS FOR ARACHIN AND DENATURATION 
'RODUCTS 
| | | 
| Free a-amino-groups per arachin 
| Mean mol. molecule (mol. wt. = 330,000) | 
Protein fraction 6 wt. per LSAT BETOAT $$$ nnn | 
ro ee bape gg Glycine | Leucine | Valine 
Rie 7 io EE RE Se ES eT ee 
Native arachin 32,000 | 2 3-4 | 3-4 | 2 | 
Half-molecule 34,000 | 2 3-4 $4 | 2 | 
Sub-units 29,000 | 2 | 4 3-4 2 | 
Further break- 
down (sod. | | | 
hydrox.) 16,000 2 5 7 6 
Further break- 
down (urea) 17,000 | 2 5 6 5 








is not confirmed by viscosity measurements, since only 
a very small increase in viscosity occurs on lowering 
the ionic strength. Similarly, only a slight rise in 
viscosity occurs on formation of the half-molecule 
via guanidine hydrochloride, part of which might be 
caused by breakdown to the sub-unit stage’. It is 
difficult to reconcile these viscosity results with the 
diffusion data. 

By adjusting the pH value and ionic strength 
carefully, it is possible to isolate the half-molecule in 
a fairly pure state!*. The number and nature of the 
N-terminal groups are the same as those of the 
parent molecule (Table 1). Although it cannot be 
stated definitely that the splitting of the arachin 
molecule by high pH produces the same halves as 
are produced by simpler dissociation (in view of the 
irreversibility there must be some difference in the 
reaction), yet the splitting with high pH produces no 
new N-terminal groups. It is not practicable to 
determine the N-terminal residues of half-molecules 
produced at low ionic strength without causing 
association. 

In view of the conflicting results obtained by 
diffusion and viscosity regarding the relative asym- 
metry of the half-molecule, it is not possible to decide 
definitely whether the cleavage is longitudinal or 
transverse; it does not, however, cut across peptide 
chains. There is little evidence that the two half- 
molecules are different ; they have the same sedi- 
mentation constant. Quantitative N-terminal estim- 
ates, resulting in odd numbers of certain species, 
suggest that they may be different. A _ better 
explanation of this phenomenon, however, for which 
other evidence is available (see ref. 12 and unpub- 
lished work by Cater, C. W., and Ure, G. R.), is that 
two (or more) arachins exist, and these are indis- 
tinguishable in almost all physical properties. 

Sub-unit stage. In the simple dissociation of arachin 
by lowering the ionic strength of a solution, only 
half-molecules are produced. In the case of treatment 
at high pH or by guanidine hydrochloride, however, 
the reaction does not stop at the half-molecule stage ; 
further molecular breakdown occurs giving very 
slowly sedimenting material'‘. There is no evidence 
to show that this change can be reversed. The low- 
molecular weight material is precipitated at first 
(vide infra) on removal of the alkali or guanidine salt 
by dialysis to the original conditions of »H and ionic 
strength. No intermediate stages are found between 
the half-molecule and the sub-units. The consider- 
able increase in viscosity increment which accom- 
panies the formation of the sub-units**!* indicates 
the asymmetrical character of the denatured mole- 


cules. The extent of the viscosity increase is 
greater as the concentration of denaturant is 
increased. 
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Unlike denaturation with guanidine salt or alkali, 
urea denaturation does not give any trace of half- 
molecules in sedimentation experiments. Arachin is 
changed directly to sub-units*. It is apparent, there- 
fore, that the bonds holding the sub-units together 
are not stronger than the bonds holding the half. 
molecules together with respect to resistance to urea. 
End-group analysis of the low-molecular weight 
material produced by controlled denaturation with 
sodium hydroxide indicates a molecular weight/N- 
terminal ratio of about 30,000. This is in reasonable 
agreement with sedimentation and osmotic pressure 
measurements (Naismith, W. E. F., unpublished 
work), and leads to the conclusion that the sub-units 
are probably single polypeptide chains. Further, the 
N-terminal residues found are quantitatively in 
agreement with those of both intact arachin and the 
half-molecule (Table 1). Clearly no peptide links have 
been broken up to this stage, although the molecular 
weight has been reduced ten- or eleven-fold. 

Assuming a molecular weight for arachin of 330,000, 
a partial specific volume of 0-72, 30 per cent hydration 
and an axial ratio of 4-8 (based on the viscosity 
increment using Simha’s equation for prolate ellip- 
soids), the dimensions of the molecule considered as 
@ prolate ellipsoid are 260A. x 544A. From the 
viscosity increments of arachin denatured to its sub- 
units (molecular weight 30,000) in sodium hydroxide 
(Naismith, W. E. F., unpublished work), urea and 
guanidine hydrochloride’®, the dimensions shown in 
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Table 2 were obtained. 

Table 2. DIMENSIONS OF DENATURED ARACHIN FROM VISCOSITY 
DETERMINATIONS 
Denaturant | Axial ratio Dimensions 

(A.) | 
pH 11-8 9-5 184x19 | 
4-7 M urea aii 204 x 18 | 
| 7-2 M urea 13 -2 230 x 17 | 
| 4 M guanidine hydrochloride | 15°3 251 x 16 | 
| aes 





In view of the fact that in no case is the length of 
the sub-unit as great as that of the parent molecule, 
it is probable that the separation of the sub-units 
which occurs on denaturation is accompanied by some 
degree of unfolding of the molecule, the extent of 
this unfolding depending on the nature and concen- 
tration of the denaturant. 

Further breakdown of sub-units. When arachin 
is exposed to the action of urea and then dialysed 
against buffer in which the protein is normally 
soluble, to remove the denaturant, precipitation 
of the denatured material occurs, the proportion 
of precipitate increasing with time as denaturation 
proceeds. The precipitate contains nothing of 
higher molecular weight than sub-units. A maxi- 
mum of insoluble material is reached, after which 
solubilization occurs progressively until no pre- 
cipitation is found after prolonged exposure (for 
example, 500 hr. in 4-7 M urea at an ionic strength 
of 0-15). Similar results have been observed with 
sodium hydroxide. Measurements of osmotic 
pressure show a progressive decrease in average 
molecular weight with solubilization to about 
20,000, until solute penetration of the osmometer 
membrane occurs. At the same time the viscosity 
decreases and the molecular weight/N-terminal 
ratio falls, both in alkaline and urea systems, t0 
a value of 16,000-17,000. Thus, only at this late 
stage in the course of denaturation, peptide links 
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seem to be broken and new N-terminal residues 
appear (see Table 1). It is a reflexion on the specificity 
of the entire system that very little random splitting 
occurs, and the new N-terminal residues are increased 
quantities of three of the four residues found in 
native arachin, in spite of the fact that these par- 
ticular residues are not notably abundant in arachin. 

With guanidine hydrochloride denaturation, the 
resolubilization phenomenon does not occur*. Appar- 
ently the sub-units are the ultimate products of the 
action of the guanidine salt. In no case, whether 
guanidine salts, alkali or urea are employed, is there 
at any time complete insolubilization during denatura- 
tion. This may indicate that a small part of the 
molecule is essentially different from the rest in that 
it never becomes insolubilized on denaturation. 

The nature of the bonds between the half-molecules 
and the sub-units is not known. Labile peptide links 
are not involved ; but salt-links, hydrogen bonds and 
possibly disulphide links are involved'. The difference 
in the behaviour of half-molecules in urea solution 
compared with other systems suggests that there is 
more hydrogen-bond character in the bonds between 
sub-units than in the bonds between half-molecules. 
The latter may have more of a salt-like character, in 
line with the dissociation at low ionic strength. The 
role of cystine has not been satisfactorily explained. 
Oxidation of the disulphide links by recognized 
methods involves some denaturation, but is difficult 
to attain completely. Alkaline denaturation involves 
the destruction of most of the cystine in the protein. 
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It seems probable, then, that arachin consists of 
two bundles of about five sub-units. The two halves 
are joined by very weak links. The sub-units are 
single chains, folded in the native protein and: half- 
molecule, which may be reasonably parallel as in 
other globular proteins. They are linked in a fashion 
which not only necessitates that all of them are 
liberated simultaneously, but also that they become 
free to unfold at the same time. At this stage, and 
not before, the protein can form fibres"*, 

a my ee F., “Chemistry and Biology of Proteins”, 105 (New York, 
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SOME RECENT ADVANCES IN THE IDENTIFICATION OF 
LEUCO-ANTHOCYANINS AND THE CHEMISTRY OF 
CONDENSED TANNINS 


By Dr. DAVID G. ROUX 


Leather Industries Research Institute, Rhodes University, Grahamstown, South Africa 


INCE the first recognition of leuco-anthocyanins 

and their wide distribution by the Robinsons’, 
the method of recognizing this general class of com- 
pounds has improved considerably with the use of 
paper chromatography. Bate-Smith? was the first 
to use this technique for identifying the antho- 
cyanidins formed from leuco-anthocyanins conforming 
mainly to the delphinidin and cyanidin types, and I 
have recently extended* the method to include the 
recognition of leuco-anthocyanins, and also of 
2:3-dihydroflavonols, with different patterns of 
hydroxylation. 

Bate-Smith’s (loc. cit.) conditions of generation of 
the anthocyanidins from plant tissues by heating on 
a water-bath with 2.N hydrochloric acid, although 
entirely satisfactory for illustrating the remarkably 
widespread distribution of the leuco-compounds, is 
less suitable for certain plant extracts. Thus, in the 
presence of an excess of other flavonoid polyphenols, 
simultaneous formation of phlobaphene occurs, and 
the red colour of the anthocyanidin formed is not 
only partly or wholly obscured in solution, but is 
also often difficult to detect on paper chromatograms 
due to interference caused by a brown phlobaphene 
streak. Improved conditions for generating antho- 


cyanidins from such plant extracts were developed 
by Pigman et al. by using hydrochloric acid in wet 
iso-propanol solution under pressure. At present this 
represents the most satisfactory method, as formation 
of phlobaphene in the presence of hydrochloric 
acid appears to be kept at a minimum due to 
the limited accessibility of oxygen, and the best 
conditions for formation of anthocyanidin are 
maintained. 

A new step has now been taken which renders 
possible the direct and easy recognition of leuco- 
anthocyanins, and which excellently supplemented 
the use of the above methods. This involves the use of 
toluene-para-sulphonic acid as chromogenic reagent 
in conjunction with two-dimensional paper chromato- 
graphy run under specific conditions. The plant 
extract under investigation is spotted on to a two- 
way paper sheet and the chromatogram developed in 
water-saturated sec.-butanol or butanol/acetic acid/ 
water (4: 1:5) for direction 1, and water only, or 
preferably aqueous 2 per cent acetic acid’, in direction 
2. After final drying, the chromatograms are evenly 
sprayed with 3 per cent toluene-p-sulphonie acid in 
ethanol, and heated at 103° C., usually for 5-10 min., 
until colour development occurs. 
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Leuco-anthocyanins of unknown and probably 
complex structure, usually of low to medium Rp in 
direction 1 and of low Rp in direction 2, give red 
colorations. Flavan-3 : 4-diols (for example, 7,8,3’,4’- 
tetrahydroxyflavan-3 : 4-diol®, 7,3’,4’,5’-tetrahydroxy- 
flavan-3:4-diol’, 5,7,3’,4’-tetrahydroxyflavan-3 : 4- 
diol® and 7,3’,4’-trihydroxyflavan-3 : 4-diol®) of low 
to medium Ry in direction 1 and medium Rp in 
direction 2 (see Table 1) give pink to scarlet spots, 
depending on the anthocyanidin formed. Flavones 
and flavonols, due to their planar structure®}!°, do 
not migrate in direction 2 with water as developing 
agent and are often visible in ordinary or in ultra- 
violet light on the starting line; but 2 : 3-dihydro- 
flavonols (for example, dihydrorobinetin, dihydro- 
fisetin (fustin) and dihydroquercetin (taxifolin) ) 
migrate in direction 2 and develop from colourless 
into yellow fluorescent spots visible under ultra- 
violet light due to their conversion into the corre- 
sponding flavonols under the acid conditions’. Taxi- 
folin eventually assumes a brownish colour under 
ultra-violet light. Catechins (for example, d-gallo- 
eatechin, d-catechin and dl-epi-7,3’,4’-trihydroxy- 
flavan-3-o]'*) develop prominent brown spots in 
visible light, which appear deep blue-mauve under 
ultra-violet light. Monomeric polyhydric phenols 
give yellow (resorcinol), blue (catechol) or reddish 
spots (phloroglucinol) due to their reaction with 
glucose resulting from acid hydrolysis of the paper’. 
This simple spray-reagent is therefore excellent for 
diagnostic use, particularly in the flavonoid field, 
where the identification of leuco-anthocyanins has 
excited much interest recently. 

In order to illustrate the use of the method the 
following materials were examined. A two-way 
chromatogram of the methanolic extract of the heart- 
wood of Acacia melanoxylon sprayed with toluene-p- 
sulphonic acid reagent develops two leuco-compounds 
in close proximity, in approximately equimolecular 
concentration, having the same shade of red (Amax. = 
540 my), and giving similar blue colorations (Amax. = 
590 mu) with aluminium sulphate" (compare Table 2). 
These differ in Ry in direction 1 (see Table 1), and 
by analogy to the work of Roberts'* on the catechins 
this suggests that geometrical isomers are present in 
the amorphous melacacidin (7,8,3’,4’-tetrahydroxy- 
flavan-3 : 4-diol) identified by King and Bottomley’. 

Similarly, a two-way chromatogram of the 
methanolic extract of the heartwood of Acacia 
mollissima (black wattle) develops a light pink spot 
(Amax. = 525 my) plus a faint pink ‘cloud’ trailing in 
advance in direction 1. These represent the com- 
pound 7,3’,4’-tetrahydroxy-flavan-3 : 4-diol recently 
characterized by Keppler’. This monomeric leuco- 
compound is also present in the heartwoods of Acacia 
decurrens (green wattle), Acacia dealbata (silver 
wattle) and Acacia pycnantha (golden wattle). 

To examine the scope of the method in dealing with 
unknown materials, eight different hardwoods com- 











Table 1. Re VALUES OF FLAVAN-3 : 4-DIOLS 
| | 2 per cent 
Flavan-3 : 4-diol | sec.-Butanol | acetic acid 
~"7,8’,4’-"Trihydroxy- | 0-60 0-49 
7,3’ ,4 ,6'-Tetrahydroxy- 0-47 0°55 
7/8,3’,4’-Tetrahydroxy- 0-29 0-47 
0°38 | 0-54 
5,7, }’,4’-Tetrahydroxy- | 0-52* | 0-50* 








* Run in n-butanol/acetic acid/water and water only, respectively 
(Swain, T., private communication). 
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Table 2. ABSORPTION MAXIMA OF ANTHOCYANIDINS AND THEIR 
ALUMINIUM COMPLEXES EXAMINED ON PAPER CHROMATOGRAMS 

| of Amax. (mu) of ] 

} Anthocyanidin Amax.(mu)| aluminium Aa 

complex 

bie ces 
Delphinidin 555 580 25 

Cyanidin 545 560 1 
Pelargonidin 530 no complex | 

Robinetinidin 532 570 38 | 

Fisetinidin 525 545 20 

| 3:7:4'-Trihydroxyflavylium | 

| chloride 485 no complex 
3.7.8.3’: 4’-Pentahydroxy- | 

flavylium chloride 540 590 50 S| 

| 














* Delphinidin and robinetinidin, containing pyrogallol nuclei, were 
found to co-ordinate more readily on paper sheets with aluminium 
salts than cyanidin and fisetinidin, containing catechol nuclei. This 
stronger co-ordination is probably responsible for the larger shifts 
recorded for the former, compared with the latter group of antho- 
cyanidins. The abnormally large shift for 3.7.8.3’.4’-pentahydroxy- 
flavylium chloride, with its two of vicinal hydroxy groups, was 
first recorded by Bottomley (ref. 22). ‘ 


monly used for flooring purposes in South Africa 
were examined as above. Two of these, African rose- 
wood (Copaifera tessmanti) and mucibe (Copaifera 
coleosperma) from west and tropical Africa, were 
found to contain highly mobile and differing leuco- 
compounds. These were isolated and appear to be of 
the monomeric flavan-3 : 4-diol type. Their presence 
is characterized by a number of pink and red spots 
of medium Ry in the water direction. From this the 
distribution of these 4-hydroxycatechins in the heart- 
woods of trees appears to be fairly general among 
certain genera of the order Leguminosae. Other 
leuco-anthocyanins of unknown identity in the low 
Ry region (direction 2) were shown up in chromato- 
grams of the extractives of Rhodesian teak (Baikiaea 
plurijuga) and messanda (Hrythrophleum guineense) 
as continuous broad red streaks covering a relatively 
large area. Brown and yellow spots developed on 
various chromatograms, and in one instance, Burma 
teak (Tectona grandis), the major constituent devel- 
oped a pale blue coloration. 

More specifically, these methods were applied to 
chromatograms of black wattle (from the bark of 
Acacia mollissima) and quebracho (from the heart- 
wood of Schinopsis balansae) extracts, both used 
extensively for commercial tannage. The method of 
Pigman et al.*, and more diagnostically the toluene- 
p-sulphonic acid spray, both indicate the presence of 
leuco-anthocyanins in relatively high concentration 
in each extract. This contrasts with the findings of 
King and White!*, who claimed the absence of 
leuco-anthocyanins from these extracts. 

In the case of quebracho, the monomeric leuco- 
fisetinidin 7,3’,4’-trihydroxy-flavan-3 : 4-diol*,® has 
been shown to be absent from the extract by means 
of paper chromatography, although the extract as a 
whole yields fisetinidin’. On heating a two-way 
chromatogram of quebracho extract, sprayed with 
toluene-p-sulphonic acid, an intense pink coloration 
(Amax. = 523 mu) turning blue (Amax. = 545 my) with 
aluminium sulphate develops in the lower Rr region. 
Fractionation of the extract further confirmed that 
these were leuco-fisetinidins of lower Ry (mainly 
concentrated at Ry = 0-21, 0-25, 0-28) than the 
above monomeric flavan-3:4-diol (Rr = 0-49) in 
the water direction. They are represented as a broad 
pink band leading to the origin and coinciding 
exactly in distribution with those main polyphenolic 
constituents of the extract which have strong reducing 
properties. Although the synthetic catechin, dl-epi- 
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7,3’,4’-trihydroxy-flavan-3-ol, regarded by Freuden- 
berg and Maitland’? as a probable ‘precursor’ of 
quebracho extract, was similarly found not present 
in the extract in any appreciable proportion, the fore- 
going work confirms their concept of the flavonoid 
nature of the constituents, and also shows that the 
pattern of phenolic hydroxylation of a large per- 
centage of the polyphenols is identical to that of the 
synthetic ‘quebracho-catechin’. 

For black wattle extract, areas corresponding to 
the major polyphenolic constituents A, A,, C and E 
and the low Rp trail (see ref. 17) give an intense 
scarlet coloration with toluene-p-sulphonic acid spray, 
while constituents B and C develop brown colorations. 
This reaffirms evidence obtained by laboriously 
fractionating the exceptionally complex polyphenolic 
mixture and studying the reaction of each fraction 
by using the method of Pigman e¢ al.‘. 

Robinetinidin, or  3,7,3’,4’,5’ - pentahydroxy - 
flavylium chloride’ (Amax. = 532 my), has now been 
developed in relatively high proportion from black 
wattle constituents A, C and # and in minor 
conventration from constituent <A. Fisetinidin 
(Amax. = 524 my) also forms in relatively high 
proportion from constituent A,, and a prominent 
orange-coloured compound (Amax. = 470 my) with 
the same Ry as synthetic 3,7,4’-flavylium chlor- 
ide (Amax. = 485 mu) results simultaneously from 
each of the constituents A, C and #. Similar, 
if not identical leuco-anthocyanins, yielding robin- 
etinidin, fisetinidin and the unidentified pigment, are 
present in green (A. decurrens), silver (A. dealbata) 
and golden (A. pycnantha) wattle bark extracts. This 
represents the first occasion on which the presence 
of a leuco-robinetinidin has been demonstrated in 
Nature, and the proportions of robinetinidin and 
fisetinidin generated correspond to those of tri- 
methoxygallic and veratric acids obtained from 
improved conditions of permanganate oxidation of 
methylated wattle tannins!*. 

The leuco-robinetinidins and leuco-fisetinidin of 
black wattle extract have much lower Ry values in 
the water direction than their established monomeric 
flavan-3 : 4-diol counterparts (compare Tables | and 3). 

This suggests the possibility that the leuco- 
anthocyanins present in wattle extract may possess 
a greater degree of structural complexity than the 
corresponding monomers, although the flavonoid 
structure obviously remains intact. Evelyn!® has 
shown that the mobile fraction of wattle extract, 
also containing a low proportion of d-catechin and 
possibly d-gallocatechin!’, has a molecular weight of 
620, reflecting a dimeric structure for the majority 
of flavonoid compounds present. 

Furthermore, those polyphenols of wattle extract 
which remain completely immobile in water on 
cellulose sheets form the same anthocyanidins, for 
example, robinetinidin (high proportion) and fisetinidin 
(low proportion), as the mobile leuco-anthocyanins. 


Table 8. Rr VALUES OF BLACK WATTLE LEUCO-ANTHOCYANINS AND 
THE ANTHOCYANIDINS FORMED FROM EACH CONSTITUENT 











Black wattle | Water- saturated | | 2 per cent Anthocyanidin 
constituent sec.-butanol acetic acid generated | 
age 
E 0-38 0-21 Robinetinidin 
Cc 0-49 0-22 Robinetinidin 
A, 0°55 | 0-26 Robinetinidin 
| Fisetinidin 
A 0°58 0-29 Robinetinidin 
| (trace) 
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This very low Rp fraction must be polymeric, as the 
average molecular weight of the total polyphenolic 
wattle fraction is*® about 1,270. The simple units of 
the extract, therefore, undergo biochemical con- 
densation to form higher molecular-weight polymers, 
which are present even in the youngest barks which 
may be stripped from Acacia mollissima*'. 

These immobile leuco-anthocyanins and also the 
low Ry leuco-anthocyanins A,, C and EH of black 
wattle extract have high affinity for collagen in 
aqueous medium!*, and form that fraction of the 
extract part of which is ‘irreversibly’ fixed to the 
collagen after commercial tannage (unpublished 
work). These leuco-anthocyanins may, therefore, be 
regarded as true tannins. 

As toluene-p-sulphonic acid has replaced hydro- 
chloric acid’ in the vanillin-hydrochloric acid 
chromatographic spray reagent for phloroglucinol and 
for detecting phloroglucinol nuclei in flavonoid 
structures, it is evident from the above work that 
the pink-mauve colour developed by the vanillin— 
toluene-p-sulphonic acid reagent is not specific for 
phloroglucinol nuclei in extracts where leuco- 
anthocyanins are present. 

Although the colorations produced by toluene- 
p-sulphonic acid spray are not specific in all instances 
(for example, the pink developed with phloroglucinol), 
its use, with adequate experience, is nevertheless a 
powerful tool in locating flavonoid compounds of 
specific structure. Its application in the work out- 
lined above has reflected on the phlobaphene—leuco- 
anthocyanin-tannin relationship ; on Freudenberg’s 
concept of a catechin-‘precursor’ for quebracho- 
extracts!*; on the presence of new leuco-antho- 
cyanins in extracts used for commercial tannage ; on 
the stereo-chemistry of flavan-3:4-diols, and on 
their distribution in Nature. 

Thanks are due to Mr. 8S. P. Sherry, Wattle 
Research Institute, Pietermaritzburg, for authentic 
heartwoods of black, green and silver wattles; also 
to the Director of Forestry, Forest Products Institute, 
Pretoria, for information regarding the botanical 
identity of hardwoods. I acknowledge the annual 
grant of the South African Wattle Growers’ Union to 
the Leather Industries Research Institute. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondente. 
No notice is taken of anonymous communications. 


The Clock Paradox in Relativity 


In the course of reasoning on this subject with 
some of my more recalcitrant friends, I have come 
across @ numerical example which I think makes the 
matter easier to follow than would any mathematical 
formule, and perhaps this might interest some 
readers of Nature. 

There is no doubt whatever that the accepted 
theory of relativity is a complete and self-consistent 
theory (at any rate up to a range of knowledge far 
beyond the present matter), and it quite definitely 
implies that a space-traveller will return from his 
journey younger than his stay-at-home twin brother. 
We all of us have an instinctive resistance against 
this-idea, but it has got to be accepted as an essential 
part of the theory. If Prof. H. Dingle should be 
correct in his disagreement, it would destroy the 
whole of relativity theory as it stands at present. 

Some have found a further difficulty in under- 
standing the matter. When two bodies are moving 
away from each other, each sees the occurrences on 
the other slowed down according to the Doppler 
effect, and relativity requires that they should both 
appear to be slowed down to exactly the same degree. 
Thus if there are clock-dials on each body visible 
from the other, both will appear to be losing time 
at the same rate. Conversely, the clocks will appear 
to be gaining equally as they approach one another 
again. At first sight this might seem to suggest that 
there is an exact symmetry between the two bodies, so 
that the clock of neither ought in the end to record 
a time behind that of the other. The present example 
will show how this argument fails. 

In order to see how a time-difference will arise, 
it suffices to take the case of special relativity with- 
out complications from gravitation. Two space-ships, 
S, and S,, are floating together in free space. By 
firing a rocket S, goes off to a distant star, and on 
arrival there he fires a stronger rocket so as to reverse 
his motion, and finally by means of a third rocket 
he checks his speed so as_to come to rest along- 
side Sy, who has stayed quietly at home all the 
time. Then they compare their experiences. The 
reunion of the two ships is an essential of the pro- 
ceedings, because it is only through it that the 
well-known difficulties about time-in-other-places are 
avoided. 

The work is to be so arranged that it can be done 
by ordinary ships’ navigators, and does not require 
the presence in the crews of anyone cognizant of the 
mysteries of time-in-other-places. To achieve this, 
I suppose that the two ships are equipped with 
identical cxsium clocks, which are geared so as to 
strike the hours. On the stroke of every hour each 
ship sends out a flash of light. These flashes are 
seen by the other ship and counted, and they are 
logged against the hour strokes of its own clock. 
Finally the two logs will be compared. 

In the first place it must be noted that S,’s clock 
may behave irregularly during the short times of 
his three accelerations. This trouble can be avoided 
by instructing him to switch the clock off before 
firing his rockets, and only to start it again when 
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he has got up to a uniform speed, which he can 
recognize from the fact that he will no longer be 
pressed against one wall of his ship. The total of 
his time will be affected by this error, but it will 
be to the same extent whether he is going to the 
Andromeda Nebula, or merely to Mars. Since the 
time that is the subject under dispute is proportional 
to the total time of his absence, this direct effect of 
acceleration can be disregarded. 
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I choose as the velocity of S,’s travel v ee. 
o 


because in this special case there are no tiresome 
irrationalities to consider. I take the star to be 4 
light-years away from S,. The journey there and 
back will therefore take 10 years according to S,. 
Immediately after the start each will observe the 
other’s flashes slowed down by the Doppler effect. 
The formula for this in relativity ‘theory is 
(c + v)/(c — v), which in the present case gives 
exactly 3. That is to say, each navigator will log 
the other’s flashes at a rate of one every three hours 
of his own clock’s time. Conversely, when they are 
nearing one another again, each will log the other’s 
flashes at a rate of three an hour. 

So far everything is perfectly symmetrical between 
the ships, but the question arises, for each ship 
respectively, how soon the slow flashes will change 
over into fast ones. First take the case of S,.. During 
his outward journey he will get slow flashes, but 
when he reverses direction at the star, they will 
suddenly change to fast ones. Whatever his clock 
shows at this time it is certainly just half what it 
will show when he gets home. Thus for half the 


: 1 
journey he will get flashes at a rate of 3 per hour, 


and for the other half at a rate of 3 per hour. The 
average for the whole journey will thus be at a rate 


a 
(5 +3) =8 por hour. During this time S, will 
have sent out 10 years’ worth of flashes, and so in 
the end S,’s clock will record 3 x 10 = 6 years, 


which, of course, he can verify directly from his 
detailed log. 

S,’s log will be quite different. He will start with 
slow flashes and end with fast ones, but the change- 
over is determined by S,’s reversal, which is occurring 
4 light years away from him. Consequently, he will 
get slow flashes for 5 + 4 = 9 years, and therefore 
fast flashes for only 1 year. The total number he 


1 ae 
will count is ; x 9 + 3X1 = 6 years’ worth. His nine 


years of slow flashes and one of fast are in marked 
contrast with S,’s experience of three years of each. 
Thus when the navigators compare their logs together 
they will be completely different, but both will agree 
that S,’s clock went for ten years and S,,’s for only six. 

It may be that S, will suggest that for some reason 
S,’s clock was going slow during the motion, but 5, 
will point out that there was no sign of anything 
wrong with it, and that anyhow his heart-beat and 
other bodily functions matched the rate of his clock, 
and he may even direct attention to the fact 
that his forehead is perceptibly less wrinkled than 
that of his twin brother. In fact—as the relativist 
knows—he is now actually four years younger than 
his brother. 

In giving this example, I have assumed Sy at rest 
for the sake of simplicity, but it is not hard to verify 
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that the two logs will be exactly the same if a uniform 
motion of any amount is superposed on the system. 
However, to show this would go beyond the scope 
of this communication. 
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C. G. DaRwIn 
Newnham Grange, 
Cambridge. 
Sept. 30. 


X-Ray Study of Scarbroite 


VERNON, in 18291, first described scarbroite as a 
soft white aluminous substance filling veins in a 
sandstone occurring on the Scarborough coast, but 
did not give properties sufficiently distinctive to 
identify the mineral with certainty. Since then, few 
reports on it have been published, although the 
American Petroleum Institute Research Project 


No. 49 on clay minerals* lists the substance, and. 


surmises that it consists of a mixture of clays. We 
have examined similar material from the same 
locality and environment, and conclude that it is 
identical with Vernon’s scarbroite, but a preliminary 
X-ray study provides evidence that it exists as a 
mineral in its own right. 

Our specimens were obtained from vertical fissures 
in the sandstone in South Bay, Scarborough, and in 
appearance are white, fine-grained and compact, but 
quite soft and in many cases damp and easily 
crumbled. Spectrographic and chemical analyses 
show that the principal constituent is aluminium, 
with only traces of other ions: while silica is cer- 
tainly present, X-ray photographs show that it must 
be largely in the form of free quartz. Although a 
full quantitative analysis remains to be carried out, 
it seems likely, therefore, that the material is a highly 
hydrated aluminium oxide. The specific gravity is 
approximately 1-85 and the mean refractive index 
1-509; the material does not yield single crystals 
large enough for other optical measurements. 

Scarbroite is sufficiently fine-grained in its natural 
state to give continuous X-rey powder lines which 
are even fairly diffuse on some photographs. An 
X-ray powder pattern of a typical specimen is given 
in Table 1, the photograph being taken with mono- 
chromatized cobalt K,-radiation on a Guinier-type 
transmission camera of effective diameter 22-9 cm. 
The intensities are estimated visually. 


Table 1. INvENsiTrEs, J, AND LATTICE Spactnes, d, OF X-RAY 


REFLEXIONS FROM SCARBROITE 


I d(A.) Zz ad (A.) I d(A.) 
10(6) 8-64 5 3-93 4 2-495 
6 8-30 7 3-71 6 2-443 
7 6°52 6 3-48 2 2-393 

7 5-97 4 3-25 6 2-360 
4 5-72 2 3-17 2 2-322 
4 5-61 1 3-08 7 2-219 
6 5-00 4 3-03 5 2-148 
4 4-89 3 3-01 4 2-129 
7 4-72 5 2-983 3 2-070 
6 4-44 2 2-860 5 1-991 
3 4-37 6 2-816 4(b) 1-822 
8 4-32 3(b) 2-761 4 1-624 
6 4-29 4(b) 2-702 7 -450 
4 4:15 2-629 8(6) 1-430 
0 3-96 4 2-554 

(0) = broad 


Different specimens of the material show slight 
variations from this pattern, which may be due both 
to the presence of small quantities of other materials 
and to the co-existence of different states of hydra- 
tion. The pattern can be indexed tentatively on the 
basis of a primitive rhomb-based hexagonal cell with 
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a@ = 34:5A. and c = 17-3A., the 8-64 A. reflexion 
being 0002. 

Specimens heated to 120° C. for two days in air or 
dehydrated over phosphorus pentoxide for three 
weeks show minor changes in their powder patterns 
which can be interpreted as due to a small reduction 
in the c-axis. On heating to 130°-140° C. in air for 
several days, a completely different pattern is 
obtained which again can be indexed on the basis 
of a hexagonal cell with a = 31-0A., c = 12-8A. 
Heating to higher temperatures causes the X-ray 
reflexions to become more diffuse and progressively 
fainter, while the c-axis shrinks considerably, the 
lowest recorded value being 11-3 A. at 228°C. At 
temperatures higher than this, heating for two days 
or more causes the crystallites to break down com- 
pletely, no X-ray powder pattern being obtained. 
At 900° C. a very diffuse pattern of y-Al,O; emerges. 

Further study of the mineral is in progress. 

W. J. DuFFIN 
J. GooDYEAR 
Physics Department, 
The University, 
Hull. 
1 Vernon, W. V., Phil. Mag., 5, 178 (1829). 


2 American Petroleum Institute Research Project 49. Reference Clay 
Minerals (Columbia University, New York, 1951). 


Velocity of Compressional Waves for a 
Stratigraphic Profile of Chalk at Flam- 
borough, Yorkshire 


A LABORATORY determination has been made of 
the velocity of compressional waves in a stratigraphic 
section of the Chalk at Flamborough, Yorkshire. The 
Chalk ranges from Cenomanian to Senonian in age, 
and a thickness of about 378 metres is seen in the 
fine exposures around Flamborough Head'. Thirty 
samples were collected, at twelve stations distributed 
throughout the section, representative samples being 
chosen at each station. These were kept moist after 
collection and the very small amount of included air 
removed by saturation in a vacuum. The velocity 
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measurements were made on the fresh rock samples 
at room temperature and pressure. 

The results of these determinations and the strati- 
graphic level above basal (red) Chalk are shown 
graphically in Fig. 1. At the bottom of the section 
the velocity of compressional waves reaches almost 
5 km./sec., while at the top it is a little more than 
3 km./sec. The velocity changes linearly with depth 
and the velocity gradient is about 5 sec.-'. These 
velocities are considerably greater than those given 
for Chalk in the south of England’, but can be 
matched in north-west Germany*. There is no 
mention of an appreciable velocity gradient in the 
Chalk of southern England, and even in north-west 
Germany the value is less than 2 sec.-'. 

A fuller account of this, together with related 
work, will be published elsewhere. 


A. 8. LauGHtTon 


A. H. Stripe 
National Institute of Oceanography, 
Wormley, 
Godalming, Surrey. 
June 27. 


Rowe, A. W., Proc. Geol. Assoc., Lond., 18, 193 (1904). 

* Bullard, E. C., Gaskell, T. F., Harland, W. B., and Kerr-Grant, C., 
Phil. Trans. Roy. Soc., A, 239, 476 (1946). Hill, M. N., and King, 
W. B. R., Quart. J. Geol. Soc., Lond., 109, 1 (1953). 

* Bentz, A., and Closs, H., Proc. Fourth World Petroleum Congress, 
Rome, Sect. 1, 691 (1955). 


A Simple Method of determining 
Ultrasonic Velocities in Rocks 


We have devised a simple method of determining 
elastic constants of rocks which is based on the 
principle of the critical angle method employed by 
Schneider and Burton’. In this method a narrow 
beam of ultrasonic waves strikes the rock section 
immersed in a liquid at right angles to its axis of 
rotation, and the critical angles 0g and 6, for total 
reflexion of the longitudinal and transverse waves 
set up in the section are determined experimentally. 
Knowing the velocity of ultrasonic waves V in the 
liquid, the velocities of longitudinal and transverse 
velocities Vg and V, in the rock section are determined 
by using the familiar relations, 


Va = Vi/sin 09¢4; Vs = V/sin 0, 


The experimental arrangement consists of a 24-in. 
brass ultrasonic cell having two holes of j in. diameter 
on two opposite faces. Two identical silvered quartz 
X-cut plates of 14 in. diameter and 1-1 Mc./sec. 
fundamental frequency are clamped against the holes 
from outside and serve as sender and receiver 
crystals. They are completely shielded by metal 
enclosures having provisions for making connexions 
to the crystals by shielded cables. One of the crystals 
which serves as the ultrasonic generator is connected 
to a completely shielded variable frequency oscillator 
giving a radio-frequency output of 150 volts whic 
the other is connected across the input of a sensitive 
vacuum tube voltmeter. The silvered surfaces of the 
crystals which are kept pressed against the brass cell 
are at ground potential and serve effectively as shields 
preventing direct pick-up of the oscillator voltage by 
the voltmeter. The cell is filled with water or any 
other liquid and the oscillator is tuned to the funda- 
mental frequency of the crystal by adjusting for 
maximum deflexion in the voltmeter. The rock 
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Table 1 
| | 
Specimen Density 6a Os Va Vv, | 
(gm./e.¢.) (m./s.) | (m.js.) | 
Khondalite 236 | 20° 0° | 50° 24°| 4,415 | 1.000 | 
Schale 2-78 15° 7’ | 60° 8’ 5,790 1,970 | 
Baraker Sand- 
stone 2-66 17° 3’ | 50° 5° 5,152 1,970 | 
Red ochre* 3-52 21° 15’ | 48° 4’ 4,166 2,034 | 
Talc chlorite | 
schist.* 2-82 14° 11’ | 47° 30’; 6,156 2,048 | 
Chalk*t 1-67 17° 38’ | 35° 40’ | 3,038 1,577 | 
Kaolin*t 1-62 17° 0’ | 38° 42°] 3,115 1,640 | 
| | 

















* Coated with collodion. t+ Tank liquid carbon tetrachloride. 


section, which is in the form of a rectangular plate 
of approximate dimensions 2 in. x 14 in. x 1/5 in., 
is clamped to a slow-motion rotation arrangement 
having a gear reduction ratio of 50: 1 and is immersed 
vertically in the liquid in the cell so that it intercepts 
the direct ultrasonic beam from the transmitter to 
the receiver. Each division of the vernier scale of 
the rotation arrangement corresponds to an angle of 
rotation of 4:3’. A levelling arrangement is pro- 
vided so as to adjust the axis of rotation of the section 
to be perpendicular to the direction of propagation 
of the ultra-sonic waves. By noting the four positions 
showing sharp dip in transmission energy on either 
side of normal incidence, the values of 6g and 4, are 
experimentally determined and the velocities are 
calculated in the usual manner. The method was 
first tested by determining velocities of sound 
propagation in some common metals. Sound vel- 
ocities in some difficult types of Indian rock materials, 
some of which are porous and water absorbing, were 
determined by this method after giving a coating of 
collodion film, and the values are presented in Table 1. 
Check measurements on glass and metal plates have 
shown that the values are not affected by the thin 
film of collodion. 

Ultrasonic velocities for most of these rocks have 
not been determined before. It is interesting to note 
that in some of the materials like chalk and kaolin, 
for which transverse sound velocity is nearly as low 
as that of water, carbon tetrachloride has to be used 
as the tank liquid in order to ensure that the critical 
angle is not close to 90°. 

The method presented here has the unique ad- 
vantage, particularly for the determination of elastic 
constants of rocks, of being most simple, rapid and 
sufficiently accurate. There is no difficulty either in 
the preparation of the specimen as the thickness 
need not be uniform. 

K. SuBBARAO 
B. RamacHanpDRA Rao 


Ultrasonic Laboratories, 
Physics Department, 
Andhra University, 
Waltair. 
May 13. 


1 Schneider, W. C., and Burton, C. J., J. App. Phys., 20, 48 (1949). 


Chemical Shifts in C;H;~ and C,H,+ Ions: 
the Free Electron Model 


In an earlier communication!, the classical free 
electron model proposed by Pople* was modified and 
successfully applied to the description of the nuclear 
resonance spectra of hydrocarbons containing six- 
membered aromatic rings. It was then noted that 
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results on a five-membered aromatic ring did not 
appear to be in good agreement with this theory. 
We now wish to report complete data on the aromatic 
systems C,H,~ and C,H,+ (cyclopentadienide ion and 
tropylium ion, respectively), and to compare them 
with theoretical expectations. The aromaticity of 
these two species is generally accepted*-°. 

An approximately 1 M solution of sodium cyclo- 
pentadienide in tetrahydrofuran was prepared from 
sodium sand and freshly distilled tetrahydrofuran, 
using methods previously described*. The proton 
resonance spectrum was observed on a Varian Model 
V-4300 B high-resolution spectrometer. By making 
successive dilutions of the stock solution (concen- 
trations were determined by sodium analyses on a 
flame photometer), chemical shifts from pure water 
of the C,H,— ion were extrapolated to infinite dilution’. 
Since the ‘ideality’ of tetrahydrofuran as a solvent 
for chemical shift measurements is uncertain, we 
endeavoured to make measurements in other solvents 
such as dimethylcellosolve and dioxane. These 
attempts were unsuccessful, owing to insufficient 
solubility of the sodium cyclopentadienide. Bicyclo 
[2.2.1]hepta-2,5-diene (Shell Chemical Co.) was 
isomerized by passage through a stainless steel pipe 
at 485° C. The products were condensed and frac- 
tionated through a sixty-plate column to isolate 
cycloheptatriene (tropylidene) from toluene in about 
70 per cent yield. This was further purified by 
fractionating in a spinning-band column at reduced 
pressure until a cut of very pure tropylidene ((a}? = 
1-5200) was obtained. Tropylium bromide was then 
prepared from this as described by Doering and 
Knox’. Its spectrum was measured and extrapolated 
(as above) in both aqueous and methanol solutions 
to which sufficient hydrogen bromide (about 0-002 M) 
had been added to suppress hydrolysis. The results 
are given in Table 1. In both cases the chemical 
shifts are relative to pure water at 25° C. and we use 
the same sign convention as in ref. 1. 


Table 1. CHEMICAL SHIFTS (IN PARTS PER MILLION) VERSUS PURE WATER 




















Chemical shift 
Compound 
Observed Calculated (see text) 
earge? | tees es 33 
sH, (a + 2°50 + 0° + 2°50 
C,H,* (Br-) + 4-67 + 0-05(b) + 83-15 





(a) In CCl, see ref. 1. 
(0)4°52 from OH of CH,;OH in methanol solution. 


It is evident that the observed differences are much 
more extreme than the calculated ones, although they 
do agree in sign. The discrepancies are too large to 
be explained by solvent effects, as shown by footnote 
() in Table 1, and also by the fact that the benzene 
shift in tetrahydrofuran is +2-33. We conclude 
that, while the effect of the free electrons is probably 
present, there are other contributing factors which 
have to do with differences in electron density at the 
protons. We have attempted an empirical assess- 
ment of the effects of changing the C—C—H bond 
angle by measuring chemical shifts at infinite dilution 
in @ series of cyclic mono-olefins, but without notable 
success as yet. We do not think it desirable to 
speculate further at this time, except to remark that 
the electron distribution in these systems is 
undoubtedly affected by the differences in overall 
charge. The Pauling “electroneutrality principle’’® 
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gives, perhaps fortuitously, an effect of the proper 


8 . 

"This work was supported by the U.S. Army (Signal 
Corps), the U.S. Air Force (Office of Scientific 
Research, Air Research and Development Command) 
and the U.S. Navy (Office of Naval Research). 


J. R. Leto 
F. A. Corron 


Department of Chemistry, 
J. 8. WaucH 


Department of Chemistry 
and 
Research Laboratory of 
Electronics, 
Massachusetts Institute of 
Technology. 
a Wont. S., and Fessenden, R. W., J. Amer. Chem. Soc., 19, 846 
1 . 
2 Pople, J. A., J. Chem. Phys., 24, 1111 (1956). 
8 Nelson, R. D., Fateley, W. G., and Lippincott, E. R., J. Amer. Chem- 
Soc., 78, 4870 (1956). 
* Johnson, A. W., J. Chem. Soc., 1331 (1954). 
° ae ae von E., and Knox, L. H., J. Amer. Chem. Soc., 76, 3208 


* Wilkinson, G., Cotton, F. A., and Birmingham, J. M., J. Inorg. 
Nucl. Chem., 2, 95 (1956). 

, Borges’ A. A., and Glick, R. E., J. Amer. Chem. Soc., '78, 1071 

* Pauling, L. Victor Henri Memorial Volume, “Contribution to the 
Study of Molecular Structure”, 1 (Desoer, Liége, 1947). 


Formation of Liesegang-like Rings b 
Metal Ions and Chelating or Complexing 
Agents 


Ir has beén recently reported from this laboratory 
that Liesegang-like rings of growth and inhibition of 
growth of bacteria were produced around filter paper 
disks in inoculated agar media when a chelating 
agent was dissolved in the agar and a metal ion was 
applied on the disk!, The formation of as many as six 
concentric and alternate rings of growth and absence 
of growth was ascribed to the presence or absence of 
toxic mixtures of chelating agents, metal chelates and 
free metal ions in the areas of the rings. These areas of 
interaction were invisible and apparent only through 
the biological response of the micro-organisms. 

We have now obtained rings of chemical interactions 
which are visible. This has been achieved primarily 
by increasing the concentration of the chelating or 
complexing agent and selecting an agent which had 
the optimum chromogenic properties, solubilities and 
degrees of dissociations of the complexes with two 
different metal ions. Dithizone (diphenylthiocarb- 
azone) and copper and zine chlorides were found 
suitable. 

The experimental conditions were similar in most 
respects to those employed for the bacteriological 
studies'. Appropriate amounts of the dithizone solu- 
tion, metal salts, buffer, any other reagents under 
study and water were added to tubes containing 
20 ml. of warm (50-55° C.) 1-7 per cent agar (“Bacto- 
Agar’, Difco Laboratories). The contents of the tubes 
were then rapidly mixed and poured into Petri 
dishes. The agar (1-5 per cent) was allowed to 
harden and filter paper disks (8 mm. in diameter) 
were placed on the surface of the agar. Fifty pl. of 
the desired metal-ion/buffer mixture were then placed 
on the disks. The agar dishes were placed in a 
refrigerator (2° C.) and periodically inspected for the 








Reproduction of rings produced in agar containing zinc 


Fig. 1. 
Disk is cross- 


and dithizone with copper on filter paper disk. 
hatched 


formation of rings in the agar. Representative dishes 
were p’ otographed for permanent records. 

Formation of multiple rings was achieved around 
disks containing copper (360 p.p.m. copper as the 
chloride in a buffer mixture of 0-012 M sodium phos- 
phate and 0-012 M sodium citrate at pH 7-9) on agar 
containing the same buffer plus 12-5 p.p.m. dithizone 
and 0-2 p.p.m. zine as the chloride. The rings were 
similar to Liesegang rings in that there were different 
coloured rings with various degrees of precipitation, 
together with colourless and clear rings. The colours 
varied from the light purple background of the zinc 
dithizonate in the agar to several shades of dark 
purple, black and brown in the rings. Varying the 
concentrations of the dithizone or zinc in the agar 
markedly affected the natures of the rings obtained, 
but varying the concentration of the individual buffer 
constituents several-fold either in the agar or on the 
metal disks had relatively minor effects. Fig. 1 is a 
reproduction of the rings obtained after five days 
storage at 2°C. 

Interpretations of Liesegang phenomena are diffi- 
cult because of the conflicting theories on the basic 
causes of such periodic structures?. The possibility 
that chromatographic separations of different mole- 
cular species may cause some Liesegang-like 
phenomena must always be considered*. In bio- 
logical studies it is even more difficult to explain 
interrelationships which might be considered as forms 
of periodicity. Some of these may be more simply a 
matter of relative concentrations of biologically active 
materials obtained by calculated additions‘ or by 
diffusion’. 

Chromogenic organic e¢omplexing or chelating 
agents have apparently received little attention for 
the study of the Liesegang phenomenon. It would 
appear that they should offer many possibilities for 
this purpose as well as in the study of biological 
problems. 

This investigation was supported in part by a grant 
(Z-916) from the Division of Research Grants, U.S. 
Public Health Service. This communication is pub- 
lished with the approval of the Director as Paper 
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Colorimetric Determination of Vanadium 


SEVERAL authors have observed that the coloured 
products of vanadium ions with benzhydroxamic 
acid'? and with salicylhydroxamic acid*® can be ex- 
tracted with oxygen containing organic solvents 
(alcohols, ethers and esters). 

It is possible to use these complexes for the colori- 
metric determination of vanadium. However, in 
using these methods in the analysis of the mineralog- 
ical products and particularly of steel, the presence 
of iron, titanium and uranium causes difficulties. 
These elements should be removed by electrolysis 
with a mercury cathode or by precipitation with 
sodium hydroxide. 

During experiments with several solvents and 
hydroxamic acids we have now found that the reaction 
product of vanadium and a hydroxamic acid, for 
example, of salicylic acid, can be quantitatively and 
easily extracted with di-isobutylketone. By this 
solvent and in carefully chosen circumstances, in 
acidic solution, the iron, titanium and uranium com- 
plexes are not extracted. 

Experimental work is now in train to develop a 
suitable method for the colorimetric determination 
of vanadium in steel, without any preliminary 
separation, based on the selective extraction indicated. 

H. CoMpaan 

Analytical Research Institute T.N.O., 

Lange Kleiweg, Rijswijk (Z.-H.), 

Holland. 

1 Das Gupta, A. K., and Singh, M. M., J. Sci. Indust. Res. (India), 9, 

B, 251 (1950); 11, B, 268 (1952). 
* Wise, W. M., and Brandt, W. W., Anal. Chem., 27, 1392 (1955). 
* Bhaduri, A. S., Fres. Z. Anal. Chem., 151, 109 (1952). 


‘ Bhaduri, A. S., and Ray, P., Sci. and Cult., 18, 97 (1952); Fres. Z. 
Anal. Chem., 154, 103 (1957). 


Molecular Vibrations and Standard 
Deviation of Interatomic Distances in 
Benzene 


CuassicaL electron diffraction studies of free 
molecules were limited to the determination of the 
geometry of molecular models that usually, for the 
sake of simplicity, were assumed to be rigid. By 
means of modern electron diffraction techniques, 
however, information concerning the root-mean- 
square deviation, u, from the equilibrium distances 
can readily be obtained. (uw = [ (r — r¢)*]', where r 
is the actual distance and r, the equilibrium distance. 
In cases where asymmetric vibrations have to be 
considered, the distance of maximum probability 
might be used instead of rz.) 
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The experimental determination of the values of u 
is based upon the study of the natural damping of 
the various sine-terms making up the electron dif- 
fraction intensity curve. By the visual method 
these natural damping factors could scarcely be 
obtained. The sector method, however, makes this 
kind of study possible. To secure reliable values all 
effects causing extra damping must be avoided, and 
the geometry of the electron diffraction apparatus 
must permit the study of the largest obtainable 
diffraction angles. 

Determinations of the value of wu based upon 
electron diffraction experiments for quite a few 
molecules have been reported during recent years, 
though the accuracy of these values is not claimed 
to be very large. Several molecules have been 
studied by I. and J. Karle, including that of 
benzene?. 

The important task of calculating values of u from 
spectroscopic data was first undertaken by the 
Karles? and by Morino eé al.’. These investigations 
included such large molecules as carbon tetra- 
chloride and 1.1-difluoroethylene. Dimethyldiacetyl- 
ene was studied in the same way, and the results 
were compared with those from electron diffraction 
studies‘. 

In the present investigation benzene has been 
studied. Values of w were obtained by the Oslo 
electron diffraction apparatus, and theoretical values 
were based upon the vibrational frequencies of benzene 
and benzene-d, obtained by Brodersen and Langseth‘. 
The evaluation of the force constants followed the 
procedure of Wilson, Decius and Cross*, and is 
similar to the earlier calculations of Crawford and 
Miller’. The vibrations were treated as harmonic 
oscillations. The results of these calculations for 
T = 0 and 298° K. are given in Table 1, together 
with electron diffraction data from two independent 
investigations conducted by us. The results earlier 
obtained by Karlet have also been included. The 
correspondence between our results obtained from 
electron diffraction studies and the spectroscopic 
results is very good, particularly for the C—C 
distances. For the C—H distances the deviation 
is somewhat larger. This is to be expected, as the 
contribution of the C—H distances to the radial 
distribution curve is considerably smaller than that 
of the C—C distances. The accuracy of the values 
of uw depends upon the accuracy of the zero-line 
determination of the final radial distribution curve. 
The zero line is determined by an experimental 
‘envelope’® which is somewhat uncertain, particularly 
in the innermost region of the radial distribution 
curve. This is probably the reason for the rather 
large deviation in the case of the C—H_ bond 
distance. 


Table 1. CALCULATED AND MEASURED STANDARD DEVIATION FOR 
INTERATOMIC DISTANCES (u) IN BENZENE 





} Calculated from Electron diffraction data | 
~~ ye a data | Presentinvestigation Karle 
; I II 





298° K. 
| C,—C; 0-0457 0-0459 0-0455 0-0453 0-055 
C,—( 3 00534 0-0547 0-054 0-054 0-067 
C,—C, 0-0576 0-0597 0-062 0-059 0-075 
| C,—Hy, 0-0771 0-0771 0-073 0-073 0-072 
| C.—H, 0-1000 0-1004 0-094 0-092 0-092 


C,—H, z — 0-0960 0-094 0-087 


m | oteee | 

. 0-1561 
Hi—Hy | 0-1313 | 0-1321 
H,—H, | 0-1179 | 0+1191 


= 

x 
jes} 
= 
o 
So 
o 
> 
tw 
oe 
f—} 
oe 
a 
o 
S 
S 























NATURE 981 


The experimental values for the H—H distances 
have not been included. The value for the H,—H, 
distance is unobtainable from our electron diffraction 
results. For the H,—H, and H,—H, distances, 
values are obtained, but they are too uncertain to be 
included as real measured values. However, the 
electron diffraction results do show that the w-values 
for the largest two H—H distances are of the same 
order of magnitude as for the largest C—H distances. 
They further show that the value of u of the H,—H, 
distance is larger than that of the H,—H, distance, 
in agreement with the calculated results. 

The electron diffraction values of I. Karle are, 
within the limits of the errors, in agreement with the 
calculated values, with a single exception (namely, 
C,—C,). 

Detailed accounts of the electron diffraction 
studies of benzene as well as of the spectroscopic 
calculations will be published elsewhere®. 


O. BasTIANSEN 
8S. J. Cyvin 
Institute of Theoretical Chemistry, 
Technical University of Norway, 
Trondheim. 
June 18. 
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A Phase Transition in Cesium Plumbo- 
chloride 


In the course of an investigation of some cesium- 
lead halide compounds, a phase transition has been 
observed in cesium plumbochloride (CoPbCl;). This 
compound may be obtained from plumbous chloride 
dissolved in a hot aqueous solution of czsium chloride 
on cooling’, or simply by melting or sintering cesium 
chloride and, plumbous chloride together in the correct 
stoichiometric proportion. The crystals are pale 
yellow and rectangular in shape. At room tempera- 
ture they show birefringence under the polarizing 
microscope. However, on heating, the interference 
colours change continually and completely disappear 
at 46-9°C. This phenomenon is reversible; and on 
cooling, the interference colours appear again in the 
reverse order. Different types of twin formation can 
also be observed in these crystals; very common is 
twinning with (110) as the composition plane. 

X-ray investigations on powders and single crystals 
of cesium plumbochloride show that the form stable 
at room temperature is tetragonal with axes a = 
5-590 A., c = 5-630 A., whereas the form stable 
above 46-9° C. is cubic with a = 5-599 A. The lattice 
is primitive, with one molecule per unit cell, and the 
structure can be described as a perovskite structure 
with the Goldschmidt tolerance factor ¢ = 0:8, 





982 


which is just on the limit of the condition for the 
perovskite structure to be stable. The axes of the 
tetragonal form have been determined as a function 
of temperature in the range 20-55° C. from oscilla- 
tion photographs of a single crystal. Plotted against 
temperature, a curve is obtained which has a very 
strong similarity with the corresponding curve for 
barium titanate’. 

On the basis of intensities visually estimated from 
Weissenberg diagrams of a single crystal, projections 
of the electron densities have been calculated. As 
there is scarcely any difference between the intensities 
of the tetragonal and the cubic form, the electron 
projections are practically identical and show that 
in both cases the Cl-atoms are moved out from the 
positions (4, 0, 0) for an ideal perovskite structure to 
the positions ($, 1/15, +1/15) perpendicular to the 
edges, and that the cesium atoms at (4, 4, 4) are 
drawn out in directions perpendicular to the unit- 
cell faces. That these effects are not due to diffraction 
errors has been inferred from calculation of an 
electron projection based on intensities calculated. 
for cesium plumbochloride with an assumed ideal. 
perovskite structure. From the photographs taken 
at temperatures above and below the transition 
point it could be seen that the crystal was essentially 
a single crystal. It thus appears that from the appar- 
ent space-group symmetry alone one cannot get 
information about the actual mean positions of the 
chlorine atoms but only about their ‘statistical centres 
of gravity’. 

It seems likely that the transition at 46-9°C. is a 
second-order transition from complete disorder in 
the cubic crystal to some degree of order in the 
tetragonal crystal, and it is expected that a com- 
parison with the transition in barium titanate at 
120° C. may be interesting. In spite of the great 
similarity with the isomorphic barium titanate 
crystals it has not so far been possible to detect ferro- 
electric behaviour of the cxsium plumbochloride 
crystals, but further investigations are in progress. 

I am much indebted to Mr. V. Frank for having 
measured the dielectric constant of cesium plumbo- 
chloride at different temperatures. 

Cur. Kn. MoLier 
Chemical Laboratory, 
Royal Veterinary and Agricultural College, 
Copenhagen. 
June 28. 
* Wells, H. L., Z. Anorg. Chem., 3, 195 (1893). 
* Megaw, H. D., Experientia, 2, 183 (1946); Proc. Roy. Soc., A, 189, 
261 (1947). 


A Lake with Trapped Sea-Water ? 

WHEN examining such a large number of lakes 
as my collaborators and I have done since 1945 
(about a hundred lakes with monthly observations 
during one year, mostly in southern Norway), it is 
inevitable that strange types of lake are sometimes 
encountered. One very curious find was the occur- 
rence of sea water that must have been trapped 
some six thousand years ago in a part of Lake Tokke 
(Rorholtfjorden) in southern Norway. 

It is certainly difficult to admit the possibility of 
sea water still being left in a lake 60 m. above the 
prese.it' sea-level, but the complete analysis leaves 
no doubt as to the water being sea water. The 
possibility of it being supplied by salt springs was 


taken into consideration, but rejected, on account 
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Fig. 1. Chloride ions (mgm./l.); %,,( x 10-*), and oxygen satura- 
tion point plotted against depth 
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Fig. 2. Wholly stagnant bottom waters, unchanged throughout 
the year. Note different scales from Fig. 1. Chloride ions (mgm.l.), 
upper scale ; temperature (deg. C.), lower scale 


ANALYSES 
Lake Tokke (Rerholtfjorden) 
































June 5, 1952 April 30, 1952 
Chloride oride Chloride 
Depth ions x.x10-*| Depth ions Depth ions 
(m.) , (gm./1.) (m.) (mgm./l.) (m.) (mgm./l.) 
25 3°5 22-9 134 980 139 7,560 
50 3-9 23-7 135 4,650 140 8,220 
80 6-4 31-2 136 5,680 141 8,300 
100 146 55-8 137 6,710 142 8,790 
132 25-6 88-2 188 ,220 143 8,970 
144 9,240 
CONSTITUENTs (mgm./1.) 
- | 
Sea water with 9,190 | Rerholtfjorden water 
mgm. chloride ions/l. | (144 m., Oct. 7, 1951) 
Chloride 9,190 9,190 
romide 47 
Sulphate 1,283 ws “se 
seeeanete 69 3,800 
um 
Potassium — sey 
Magnesium 616 781 
Calcium 198 245 
Boron 13 No analysis 
Iron 0 390 
Ammonia 0 145 
' 
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of the virtual absence of such clays as may store 
sea water below the ancient marine limit. Also the 
picture of the chlorine content is that of a stored 
mass being disturbed by turbulence from above, not 
that of salt waters being supplied to the bottom of a 
freshwater lake. 

The topographical explanation is that the basin 
of Rorholtfjorden is very narrow and deep, and 
there is no river streaming through this part at all. 
There is the pronounced semi-stagnation of waters 
from about 80 m. to 132 m. depth, preserving the 
salt deep from contact with the overlying freshwater 
lake during periods of full circulation in the fresh- 
water part. This semi-stagnation is brought about 
through turbulence removing only a very little at 
the top of the salt bottom waters. Indeed, from the 
two series of chloride observations, it should be 
possible to calculate the rate of wasting-away of the 
bottom waters still left, and the part played by 
diffusion. 

The great difference in composition compared with 
the original sea water is that there is no sulphate 
left. It has all gone to form hydrogen sulphide and 
other sulphides. The bottom waters to-day smell 
very little of hydrogen sulphide, which can now be 
formed only from protein sulphur. 

There are enormous quantities of methane arising 
from cellulose and lignin, and a very high iron 
carbonate content. 

This lake represents the most nearly complete 
stagnation of bottom. waters imaginable, of quite 
a different degree from the most stagnant of so-called 
meromictic lakes (Blankvatn') or land-locked inlets 
of the sea (Framvaren*®); 

Through close collaboration with Prof. B. Kullen- 
berg, of the Department of Oceanography, University 
of Gothenburg, extended investigations of the bottom 
waters and sediments are to begin during the winter 
1957-58, it being easiest to operate the core samplers 
from the ice. 

We have secured further collaboration from a 
number of people and institutions for isotope de- 
terminations, radioactivity, pollen, diatom and for- 
aminifera analyses, as well as more ordinary routine 
work. My main reason for publishing this preliminary 
notice of our work (some results have been previously 
published‘) is that there may be scientists wishing 
to collaborate, or to have material sent them from 
such an extraordinary locality; this can easily be 


arranged. 
KaareE STROM 
Department of Limnology, 
University of Oslo. 
June 25. 

‘Strom, K. M., and Osttveit, H., Skr. N. Vidensk.-Akad. Oslo, 1, 7 

(1948). 
* Strom, K. M., Skr. N. Vidensk.-Akad. Oslo, 1, 7 (1936). 
* Strom, K. M., Nature, 162, 922 (1948). 
‘Strom, K., Mem. Ist. Ital. Idrobiol., Supp. 8 (1955). 


Autoradiography of Polytene 
Chromosomes of Rhynchosciara angelae 
at Different Stages of Larval Development 


THE polytene chromosomes of Diptera, since their 
rediscovery in 1933 12, have proved to be excellent 
material for cytogenetic studies. They present a 
longitudinal differentiation into a series of transverse 
bands, which were shown to be the sites of the 
genes**. Recently, experiments performed with 
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Chironomidae*-? and Sciaridae*:* showed that the 
bands of polytene chromosomes may vary in their 
morphology in different cells at the same stage of 
larval development and in the same cell at different 
stages of the larval life. 

Some of these bands pass through only slight 
modification in their morphology, while others form 
large bulbs (‘puffs’) which increase by two to three 
times the diameter of the chromosomes at this specific 
locus. As the changes in structure of these chromo- 
somal loci occur always at the same stage of larval 
development, and in a definite sequence and manner, 
they have been interpreted as a morphological 
manifestation of gene activities. 

To obtain fuller information on the metabolism of 
polytene chromosomes in relation to the morpho- 
logical changes that they exhibit during larval 
development, we have studied, by the autoradio- 
graphic method", the salivary gland chromosomes 
of larve of Rhynchosciara angelae (Diptera, Sciaridae) 
injected with a precursor of deoxyribonucleic 
acid. 

Previous work using the autoradiographic method 
was carried out on polytene chromosomes by Pele 
and Howard'* on Drosophila and by one of us 
(A. F.) on Chironomus, by means of carbon-]4- 
labelled precursors of ribonucleic acid and proteins. 
Unpublished observations have led us to the conclu- 
sion that the nucleoli and the pyroninophilic bands 
of the chromosomes, coloured red by Unna staining 
and rich in ribonucleic acid, have a much higher 
protein metabolism than those rich in deoxyribo- 
nucleic acid. In these experiments, the salivary 
glands were dissected and incubated in the hemo- 
lymph with the labelled molecule. Gross'* has 
recently presented similar data concerning the 
ribonucleic acid metabolism of these structures. 

In the present case, however, the radioisotope was 
administered in vivo to the larve. Quantities of 
0-01-0-1 wcurie of tritiated thymidine in a saline 
solution were injected into each larva without any 
trauma or loss of radioactive material. The experi- 
ments showed that in the puffing processes, as well 
as in other morphological changes of polytene 
chromosomes, the deoxyribonucleic acid plays a very 
active part. As can be seen in Fig. 1, the rates of 
incorporation of thymidine vary considerably in 
different parts of the chromosomes. The sites of 
greatest incorporation of thymidine into the chromo- 
some vary with the age of the larve, but are constant. 
at the same stage of larval development. 

Experiments undertaken with larve injected with 
tritiated thymidine 2-5 days before being killed show 
that a great part of the radioactive isotope is retained 
in the chromosomes. This would suggest that the 
incorporation of the thymidine represents a real 
synthesis of deoxyribonucleic acid rather than a mere 
turnover or a simple exchange of the hydrogen atoms. 
As this incorporation is much more evident in certain. 
loci of the chromosomes than, in others, these findings 
seem to be in agreement with the statement of 
Breuer and Pavan**®, namely, that there is an 
increase in the number of specific genes, and not of 
the entire chromosome, in different stages of the 
larval development. Tests performed using deoxy- 
ribonuclease and ribonuclease confirmed that the 
tritiated thymidine was really acting as a specific 
precursor of the deoxyribonucleic acid. 

Other experiments are now being made, using other 
tracers, to study the. metabolism of ribonucleic acid 
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and proteins in the polytene chromosomes of R. 
angelae during larval development. 

We conclude from our investigations that the 
great incorporation of tritiated thymidine in loci 
responsible for the puffing processes of polytene 
chromosomes of R. angelae shows that deoxyribo- 
nucleic acid plays a very active part in the puffing. 

There are loci of the polytene chromosomes which, 
although rich in deoxyribonucleic acid, show only a 
very little, if any, thymidine incorporation at some 
periods of larval development. This suggests that 
the corresponding gene is practically inactive at these 
stages of the larval life. In other stages, however, these 
loci are very active, as shown by their incorporation 
of thymidine. 








Fig. 1. 


stage, about six days older. 
at these two larval stages; 


The autoradiographic method using tritiated 
thymidine confirms the statement made by Breuer 
and Pavan’ in Rhynchosciara and Beerman® and 
Mechelke* in Chironomidae, namely, that genes have 
different activities at different stages of larval 
development. 

This work was supported by grants from the 
Rockefeller Foundation and Conselho Nacional de 


Pesquisas of Brazil. A. Ficq 


Laboratoire de Morphologie animale, 


Université Libre de Bruxelles. 
C. Pavan 


Departamento de Biologia Geral, 
Faculdade de Fil., Cién. e Letras, 
Universidade de Sao Paulo. 


1 Heitz, E., and Bauer, H., J. Z. Zellforsch., 17, 67 (1933). 

* Painter, T. S., Science, 78, 585 (1933). 

* Demerec, M., “Cytology, Genetics and Evolution” (Univ. Penn- 
syivania. Press, 1941). 

‘ Lewis, E. B., Genetics, 30, 137 (1952). 

5 Beermann, W., Chromosoma, 5, 139 (1952). 

* Beermann, W., Cold Spring Harbor Symposium, 21, 217 (1956). 

* Mechelke, R., Chromosoma, §, 511 (1953). 

* Breuer, M. E., and Pavan, C., Ciéncia e Cultura, 4, 141 (1952). 

* Breuer, M. E., and Pavan, C., Chromosoma, 7, 371 (1955). 

1 Pavan, O.,and Breuer, M. E., Symposium on Cell Secretion, edit. by 
G. Schreiber (B. Horizonte, Brasil, 1955). 

™ Fiog, A., Arch. Biol., 66, 509 (1955). 

» Pele, 8. R., and Howard, A., Exp. Cell Res., 10, 549 (1956). 

“% Gross, J. D.. Nature, 180, 440 (1957). 


Distal end of chrx C of R. angelae at two different stages of larval life. A and B, 
stained by aceto-orcein; A’ and B’, the corresponding segment radioautographed without any 
staining. A and A’ are from a full-grown larva; Band B’ are from a larva at a pre-pupal 

The lines indicate the corresponding loci of the chromosomes 
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Kojibiose (2-O-«-p-Glucopyranosyl-p- 
Glucose): Isolation and Structure 
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isolation from Hydrol 
Ir has previously been reported that saké and koji 


extract produced from rice by the application of 
Aspergillus oryzae contains two new disaccharides’, 
one of which has been confirmed to be 1 : 3-«-linked 
gluco-biose (kojibiose)*.* by its conversion into glucose 
with acid, Rp in paper chromatography, Mg in iono- 
phoresis in borate buffer, its resistance to almond 
8-glucosidase, lack of formation of osazone and the 
similarity of its stain (aniline hydrogen phthalate 
spray) to that of sophorose. Peat et al.* have also de- 
scribed the isolation of a gluco-biose (octaacetate ; 
melting point 166°, [a]p + 153°), 
believed to contain the 1: 2-1. 
linkage, from a mixture of di- 
saccharides syathesized from glu- 
cose by Aspergillus niger. One of 
us (K.A.) has detected kojibiose 
in the acid hydrolysate (hydrol) 
of sweet potato starch which is 
known to have undergone marked 
reversion. We now report the 
isolation of this sugar from hydrol. 
The preliminary fractionation of 
hydrol was carried cut by the 
usual method of carbon column 
chromatography and the effluent 
portion of the 3-5 per cent oth- 
anol fraction was collected. Then 
the techniques of carbon column 
chromatography of the free sugars 
in the presence of borate buffer 
(pH. 10-0)8, followed by ‘Magnesol- 
Celite’ column chromatography of 
the acetates, were used for the 
further fractionation. In addi- 
tion to the octaacetate of iso- 
maltose, maltose and 6,6-trehalose, 
two reducing disaccharides were 
isolated as their crystalline octaacetates, the pro- 
perties of which distinguished them from the 
other disaccharide octaacetates. One of them, 
herein designated a-kojibiose octaacetate, showed 
melting point 166° (uncor.) and [a]p + 150° (c. 2:1 
in chloroform) (cale. for C.,H,;,0,,: C, 49-55; 
H, 5-64 per cent; found: C, 49-79; H, 5-85 per 
cent), being in good agreement with those reported 
by Peat et al. ; and the other, designated B-kojibiose 
octaacetate, melting point 118° (uncor.) and 
[«]p + 112° (c. 2-0 in chloroform) (cale. for C,3H 3,0 4» : 
C, 49-55; H, 5-64 per cent ; found: C, 49-40; H, 
5-50 per cent). Neither acetate showed depression of 
melting point on admixture with samples synthesized 
chemically by Matsuda (see following communica- 
tion). 
Free sugars obtained by deacetylation from «- and 
B-acetate gave [a]p + 136° (equil.: c, 0-5 in water) 
and + 140° (equil.: c, 0-6 in water), respectively ; 
these high values, being in fairly good agreement 
with those of the 1; 2-a-linked gluco-biose reported 
very recently by Barker et al.? and by Whelan et al.', 
suggested the presence of an «-linkage. Both sugars 
also had the following properties : (a) acidic hydrolysis 
gave glucose as the only product detectable by paper 
chromatography ; (6) their resistance to almond 
B-glucosidase ; (c) ionophoresis in borate buffer 


(pH 9-8) showed Mg 0°31, which eliminated the 
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1: 3- and 1:6-linkages; (d) the Rp 0-22 on paper 
chromatography (pyridine/butanol/water: 4:6: 3) 
eliminated the possibility of maltose; (e) neither 
was developed by alkaline triphenyltetrazolium 
chloride*, which detects all reducing glucosaccharides 
except those with a 2-O-substituent; (f) further 
indication of C-2-substitution was their low reducing 
power (about 6 per cent of glucose) towards the 
Shaffer-Hartmann reagent!®; (g) their stains on filter 
paper (aniline hydrogen phthalate spray) were similar 
to that of sophorose. 

All these properties are consistent with the structure 
of 2-0-a-p-glucopyranosyl-p-glucose. Thus the above 
two sugars are both 2-O-«-glucopyranosyl-p-glucose 
(kojibiose). 

It is hoped to publish full details elsewhere. 

A. Sato 
K. Aso 


Department of Agricultural Chemistry, 
Faculty of Agriculture, 
Tohoku University, 


Sendai, Japan. 
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Chemical Synthesis 


I HAVE previously pointed out that kojibiose (one 
of the unfermentable gluco-bioses in koji extract) is 
believed to have most probably 1,2-«-glucosidic link- 
age from the following facts: (a) acid hydrolysis 
gave glucose as the only product detectable by paper 
chromatography! ; (b) resistance to almond -glucos- 
idase eliminates the @-linkage!; (c) the low Mg 
value? (0:31) in borate buflvr (pH 9-8) suggests that 
the linkage cannot be 1, 3- or 1, 6-, and the Rr value 
in butanol/pyridine/water (3:2:1-5) is different 
from that of maltose as well as from sakébiose 
(nigerose) and itsomaltose*; (d) the stain of this 
sugar on the paper chromatogram sprayed by aniline 
hydrogen phthalate has a colour similar to that of 
Sophorose* ; (e) this sugar gives no phenylosazone 
by the usual method, though it showed reducing 
power against Fehling’s solution‘. 

For the direct proof of the structure of this new 
sugar, chemical synthesis of 1,2-a-linked gluco-biose 
was carried out. The method of synthesis was 
Suggested by the observation of Zemplen® that the 
use of mercuric salt in the Kénigs-Knorr reaction 
tends to give a-linkage. This view was further sup- 
ported by the fact that «,8-trehalose octaacetate was 
prepared by using mercuric cyanide‘. 

a-Kojibiose octaacetate was prepared in the 
following manner, 3,4,6-Tri-O-acetyl-8-p-glucopyran- 
osyl chloride (I) was prepared according to the 
Procedure described by Brigl’. This was treated with 
mercuric acetate in acetic acid at room temperature 
or two hours. 1,3,4,6-Tetra-O-acetyl-«-p-gluco- 
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pyranose (II) was obtained ; melting point 98-100°, 
[a]5 = + 143° (c, 3-0; chloroform) (calc. for 
C,4H.,0,5; C, 48:27; H, 5:78 per cent; found: 
C, 47-90; H, 5-58 per cent). 

Gakhokidze* has obtained the f-isomer of the 
above tetra-O-acetyl-p-glucose (melting point 138°) 
by the treatment of (I) with silver acetate. But 
the high [x]p value shows that the tetraacetate 
obtained by us is the hitherto unknown «a-isomer. 

Equimolecular portions of (II) and 2,3,4,6,-tetra-O- 
acetyl-a-p-glucopyranosyl bromide (III) were shaken 
in anhydrous nitromethane with mercuric cyanide 
for 8 hr. at room temperature. The reaction mixture 
was filtered and evaporated to a syrup. The residual 
(III) was removed by precipitation with a slight 
excess of benzylamine in absolute ether. The ether 
solution was washed first with dilute hydrochloric 
acid, then repeatedly with water and evaporated to 
a syrup. This syrup crystallized very slowly when 
dissolved in absolute ethanol and kept at 20° for 
two weeks. The twice-recrystallized product showed 
melting point 166°, [a]j} = + 152-8 (c, 2-0; chloro- 
form) (calc. for C,,H;,0,.: C, 49°55; H, 5-64 per 
cent; found: C, 49-75; H, 5-83 per cent). 

These values are in good agreement with those 
reported by Peat et al.* and also with those obtained 
from hydrol as above. The melting point was not 
depressed on admixture with the specimen obtained 
from hydrol. The $-octaacetate was obtained by 
acetylating the free sugar with acetic anhydride and 
anhydrous sodium acetate; melting point 118°, 
[x]5 = + 118° (c, 2-0; chloroform) (cale. for 
C.2H;,0,,: C, 49-55; H, 5-64 per cent; found: 
C, 49-42; H, 5-26 per cent). This was found to be 
identical with the specimen obtained from hydrol and 
also with that obtained from koji extract. 

I wish to acknowledge my indebtedness to Prof. 
K. Aso for his guidance and encouragement. 

K. Matsupa 
Department of Agricultural Chemistry, 
Faculty of Agriculture, 
Téhoku University, 
Sendai, Japan. 
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Effects of Kinetin on Division of Yoshida 
Sarcoma Cells 


Kivnetin (6-furfurylaminopurine) was isolated by 
C. O. Miller e¢ al.' from d2oxyribonucleic acid from 
herring sperms. They found that it induced a high 
rate of cell multiplication in the callus tissue of plants. 
R. Guttman’s work? has shown that, in onion root-tip 
cells, kinetin promoted mitotic division, and induced 
polyploidy and various forms of pyenosis in addition. 
However, its effect on the division of animal cells 
is not well known, though negative results have been 
reported by H. Lettre* using animal and human cells. 

We have investigated the effect of kinetin (kindly 
supplied by Dr. F. G. Okumura) on the mitotic 
activity of Yoshida sarcoma cells transplanted to 
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Table 1. FREQUENCY OF MITOTIC FIGURES AFFECTED BY THR IN- 
JECTION OF KiNETIN 
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We thank Dr. Motoo Kimura for help in the 


1 treatment of our results. 
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— Kinetin 
Ky Control 0-03 mgm. 0-15mgm. 0°75 mgm. 
48 | 6-25 per cent | 5-31 per cent | 3-09 per cent | 3-65 per cent | 
48 | 4-77 3-51 2°75 3-51 
48 4-33 
120 | 2-56 2-39 4:12 | 2°78 
120 | 2-88 2-47 3-88 2-41 
120 | 2-80 
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Host: Wistar rat, 2 months old. Preparation: aceto-orcein stain- 
ing by squash technique. The percentage of dividing cells was de- 
termined by the observation of 10,000 cells. No dividing cell was 
found in the ascites if kinetin only was injected and the sarcoma 
not been transplanted, Between 2 and 7 days after transplantation 
of Yoshida sarcoma, the error variation in the frequency of mitotic 
figures is very low, and we have therefore used this period 


Table 2. ANALYSIS OF THE FREQUENCY OF DrtvipInG CELLS 


Source Degree of 48 hr 120 hr. 
freedom Mean sq. Mean sq. 
Treatment 3 4-86 3-99* 
Error 5 1-52 0-1 


* Significant at 1 per cent level. 
Standard error: control, 0-183; after treatment, 0-224. 


Wistar strain rats. Injecting the solution of kinetin 
into the abdomen, @ significant increase in the fre- 
quency of mitotic figures was found in the tumour 
cells after about 120 hr. (significant at the 1 per cent 
level as shown in Tables | and 2). However, no 
significant effect was found on the relative frequency 
of the mitotic stage. This suggests that kinetin may 
promote the mitotic division of tumour cells, but 
does not affect a specific stage of mitosis. 

In the non-treated control, as shown in Fig. 1, the 
frequency curve for metaphasic cells showed two 
periods of increase, two and ten days after the trans- 
plantation of Yoshida sarcoma. In the treated rats, 
the second period of increase was not apparent, 
possibly because the animals were nutritionally 
exhausted during the first period of increase, which 
had continued longer than in the non-treated animals. 
The observed frequency curves for treated rats do 
not show any indication of an abrupt change, and 
seem to suggest that the effect of kinetin may be 
direct and not due to a secondary metabolite. Thus 
we have found a case in which kinetin can induce a 
high rate of multiplication in animal cells as well 


as in plant cells. 


| 
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An Immuno-electrophoretic Technique 

INTEREST in immuno-electrophoresis and its appli- 
cation both to research and in clinical pathology is 
rapidly increasing. I have developed a technique 
which is comparatively simple, reliable and very 
economical in the use of the anti-serum, which is 
still quite difficult to obtain. An additional advantage 
is the very distinct separation of the alpha-1 fraction, 
which usually is only poorly separated in agar 
electrophoresis. The electrophoretic pattern can be 
controlled according to requirements by adjusting 
the current time, buffer concentration and pH and 
the fluid levels in the buffer compartments. 

The technique is based on the principle of the 
Grabar—Williams method", and is a combination of 
cellulose acetate membrane filter electrophoresis* and 
the agar diffusion method. It consists in applying 
the membrane filter strip with the separated fractions 
(electrophoretic strip) and a filter paper impregnated 
with anti-serum (anti-serum strip) to the surface of 
the agar and letting the various fractions and the 
anti-serum diffuse into the agar and form precipitates 
where antigen and antibody meet at optimal con- 
centration. 

The electrophoresis is performed on membrane 
filter strips (obtainable from Messrs. Oxo, Ltd. (Med. 
Dept.), 16 Southwark Bridge Road, London). 
Buffered 10 per cent agar slabs, 18 cm. x 7:5 cm. 
and about 2—4-mm. thick, mounted on glass plates 
of suitable dimensions, were prepared as described 
by Grabar and Williams! ; 1-0 per cent non-dialysed 
clear isotonic saline agar buffered to pH 8-2 also 
gave satisfactory results. Equine anti-human serum 
was obtained from the Pasteur Institute. A plan 
indicating the exact positions of the electrophoretic 
strips and the anti-serum strip Is 
drawn on white paper and_ placed 
underneath the agar slabs (Fig. !). 
A sample of the material to be in- 
vestigated is applied to the membrane 
filter strip and an electrophoretic run 
performed. On completion, the strip 
is removed from the tank and cut 
lengthwise into halves, and a l1-cm. 
length at each end is cut off. One 
half of the strip is placed immediately 
on the surface of the agar as indicated 
on the plan, cut side facing the anti- 
serum strip. This step must be 
carried out quickly, for the strip 


must not dry out. Either following 





Days after transplantation 


Fig. 1. Daily change of 


15 


uency of metaphasic cells (pathological figures 
excluded) after injecting kinetin into the abdomen of rats, 10,000 cells being 
observed per day 


(or preceding) it the filter paper 
strip is soaked with an adequate 
amount of the anti-serum, usually 
0-2-0-3 ml., and placed immediately 
in its position on the agar slab 
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2-Scm. Electrophoretic strip 
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£0-5cm. Antiserum strip 
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Fig. 1 


at a distance of approximately 0-8-1 em. from the 
electrophoretic strip. The quantity of anti-serum and 
the optimal distance vary according to the concen- 
trations of the material investigated and the titre and 
type of the anti-serum. The more potent the anti- 
serum the greater can be the distance. A second 
electrophoretic strip may be placed on the other side 
of the anti-serum strip so that two samples can be 
investigated at the same time, thus halving the quan- 
tity of anti-serum to be used. The second half of the 
electrophoretic strip is dried and stained to show 
the electrophoretic pattern and serves as an accurate 
and reliable guide to the positions of the various 
fractions in relation to the precipitation lines. 

Alternatively, only the centre part of the electro- 
phoretic strip is cut out, discarding both margins, and 
is then placed on the middle of the agar slab with 
an anti-serum strip applied on each side. In this 
case, of course, no stained replica is available. The 
agar slab with the applied strips is then placed 
in a moist chamber at room temperature, avoid- 
ing large temperature fluctuations, and left there 
for the diffusion and precipitation process to pro- 
eeed. 

The first precipitation lines are usually visible after 
24 hr. Within three to four days most of the lines 
are already developed. This depends, of course, on 
the titre of the anti-serum and the distance between 
the anti-serum strip and the electrophoretic strip. 
The precipitation lines in the form of arches are best 
seen against a black background with oblique 
illumination and may be photographed at this stage 
without staining. When the diffusion process is con- 
sidered to be completed, both the electrophoretic and 
the anti-serum strips are removed and a sheet of 
filter paper of suitable size to cover the whole slab is 
then placed on the agar surface, and the agar, still on 
the glass plate, is transferred to a 37°C. incubator 
for drying. Drying is usually completed overnight 
and the agar is reduced to a thin sheet suitable for 





Fig. 2. Immuno-electrophoretic precipitation patterns with the 
corresponding stained halves of the electrophoretic strips 
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staining. The covering filter paper is then detached 
and the agar slab, now firmly stuck to the glass plate, 
is placed in a 2 per cent acetic acid solution for 
three to four hours for fixation. This step, however, 
does not appear to be essential as the precipitated 
proteins are insoluble, and also because the staining 
solutions contain acetic acid which acts as a fixative. 
For serum proteins azocarmin B (0-05 per cent in 
2 per cent acetic acid) and Masson’s Ponceau fuchsin 
stain (diluted 1:4 with 2 per cent acetic acid in 
20 per cent alcohol) were used with very satisfactory 
results. The dried agar slab remains in the staining 
solution for four to six hours until the precipitation 
lines are well stained and distinct. Following the 
staining, the preparation is transferred into a solution 
of 10 per cent glycerine in 2 per cent acetic acid for 
about 30 min. for differentiation and to render the 
agar pliable. It is then dried in the incubator at 
37°C. or at room temperature and can be detached 
from the glass plate if so desired. The details of drying, 
fixing and staining are those of the Uriel and Grabar 
technique*® with only minor changes. 

A typical example of the results obtained is shown 
in Fig. 2. It should also be pointed out that the 
background is usually clear and shows only traces 
of residual proteins. This is due to the comparatively 
small quantities of proteins applied ; consequently, 
very little excess protein is left after precipitation, 
The saline washing for the removal of excess residual 
proteins can, therefore, be omitted. An additional 
advantage is that for studies of isolated fractions it 
is much easier to cut the electrophoretic strip into 
segments than when an agar supporting medium is 
used. 

Note added in proof. Since this communication 
was submitted I have developed a ‘micro’ technique 
which is much more rapid and economical. Only 
about 0-05 ml. of anti-serum is used for one 
experiment, and the time is cut down to 24-48 hr., 
including the electrophoretic run, Full details will 
be reported later. 


J. KOHN 
Pathology Department, 
Queen Mary’s (Roehampton) Hospital, 
Roehampton, 
London, S.W.15. 
Aug. 10. 
- Greet and Williams, C. A., Biochim. Biophys. Acta, 17, 67 
* Kohn, J., Biochem. J., 65/1, 9 (1957); Chim. Clin. Acta, 2, No. 4, 
297 (1957). 


* Uriel, J., and Grabar, P., Ann. Inst. Pasteur, 90, 427 (1956). 


Use of Pilocarpine in Pancreatic Research 


Tue ability of pilocarpine to deplete the pancreas 
exocrine cells of zymogen granules has been utilized 
by cytologists! and biochemists’ in their studies of 
secretion processes in this very active organ. Gener- 
ally, changes observed microscopically or results 
derived chemically have been accepted as attributable 
to the direct effect of the drug on the pancreas. The 
purpose of this report is to direct attention to several 
other effects of pilocarpine which should be of interest 
to those following this line of investigation. These 
probably do not diminish the value of the drug as 
an experimental tool, but they do indicate that its 
effects are not confined to the pancreas. This fact 
should be taken into account in the interpretation of 


results. 
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In brief, these additional effects of pilocarpine in 
the dosages usually employed in pancreatic research 
are: apparent stimulation of the adrenal medulla, 
diminution of glycogen in the liver, and hyper- 
glycemia. 

Table 1 shows the effect of pilocarpine administered 
subcutaneously on the level of blood sugar in male 
rats weighing 200-225 gm. One rat was used for each 
determination*. These studies indicate that the 
effects of pilocarpine occur soon after injection. The 
blood sugar reaches hyperglycemic levels within 
15 min. but falls to about normal in | hr. A similar 
response has been found in mice. 

As assessed by periodic acid—Schiff glycogen stains‘, 
the amount of glycogen in the liver is significantly 
reduced within } hr. after the administration of 
2 mgm. of pilocarpine given subcutaneously to a rat 
weighing 200 gm.; within 1 hr. the depletion is con- 
siderable and may be complete. Mice, with an average 
weight of 22-25 gm., given 0-5 mgm. of pilocarpine 
subcutaneously, showed slightly diminished glycogen 
in 1 hr. and 3 hr.; those given 1 mgm. displayed 
essentially complete loss in 1 hr. and 3 hr. ;- while in 
mice given 2 mgm. there was apparent absence of liver 
glycogen in 1 hr. and 3 hr. Although the diminution 
in glycogen in the liver is sustained for several hours, 
mice given 1 mgm. of pilocarpine regain much liver 
glycogen within 7} hr., and at 84 hr. approximately 
normal amounts of glycogen are present. 


Table 1. EFFECT OF PILOCARPINE ON BLOOD SUGAR OF THE RAT 








Level of blood sugar 


Time after injection 
(mgm./100 ml.) 




















Dose of pilocarpine 1 mgm 2 mgm. 4 mgm. 
15 min, 178 153 179 
30 min. 182 182 201 
45 min. 118 194 231 
60 min. 116 138 118 | 
| 








Hrubetz', also studying rats, similarly found that 
pilocarpine in the dosage of 5 mgm./kgm. raises the 
level of blood sugar with a maximum effect produced 
in 15 min. In her studies of related drugs she found 
that atropine lowers the level of blood sugar with a 
maximum effect in 90 min. and prevents the rise in 
blood sugar after pilocarpine. Acetylcholine lowers the 
level of blood sugar, the lowest point being reached in 
20 min. Physostigmine also raises the level of blood 
sugar, and has a maximum effect in 1 hr. with a 
return to the original level in 2 hr. Atropine prevents 
hyperglycemia after physostigmine. 

It would appear that pilocarpine and physostigmine 
stimulate the adrenal medulla, leading to increased 
output of epinephrine ; this would account for the 
above results. 

This work was supported in part by grant RG-4646, 
United States Public Health Service. 

WinFreEtp S. Morgan 

Department of Pathology, 

Massachusetts General Hospital, 
Boston 14, Massachusetts. 

May 17. 

‘Hirsch, G. C., “Form und Stoffwechsel der Golgikérper”’. Proto- 
plasma-Monographien, 18 (Berlin, 1939). Baker, J. R., Quart. 
J. Mier, Sci,, 85, 1 (1944). 

*Hokin, M. R., and Hokin, L. E., J. Biol. Chem., 209, 549 (1954). 
Farber, E., and Sidransky, H., J. Biol. Chem., 222, 237 (1956). 

* Folin, O., New England J. Med., 206, 727 (1932). 

‘Pearse, A. G. E., “Histochemistry”, 431 (Little, Brown and Co., 
Boston, 1953). 

* Hrubetz, M. C., Amer. J. Physiol., 114, 551 (1956); 118, 300 (1937). 
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Muscarinic Action of Murexine and 
Some Related Choline Esters 


SEVERAL reports have indicated that murexine 
(8-imidazolyl-4-(5)acrylcholine) has strong nicotinic 
and curare-like actions but shows little or no mus. 
carinic action'-*, Recent work in our laboratories* 
suggests that murexine and two related esters, 
imidazolepropionylcholine and imidazoleacetylcholine, 
have significant cholinomimetic (muscarinic) activity 
on the vascular system of the intact dog. When 
injected intra-arterially in anesthetized dogs, mur. 
exine and the two esters produced a local vasodilata- 
tion which was blocked by atropine but not by 
hexamethonium. 

A series of five dogs was anesthetized with sodium 
pentothal followed by «-chloralose. The femoral 
arterial flow-rate was measured with a rotameter 
placed in series between the central and peripheral 
ends of the artery. Blood pressure was recorded 
simultaneously with a pressure transducer. 

Intra-arterial injection (into the tubing from the 
rotameter to the artery) of 100-500 ugm. of murexine 
or imidazolepropionylcholine or 1-2 mgm. of imid- 
azoleacetylcholine produced a sharp rise in the blood 
flow-rate (vasodilatation) which lasted from 15 to 
90 sec. There were no changes in the systemic arterial 
pressure. A similar response was observed following 
1-10 ugm. of acetylcholine. This local vasodilator 
action of murexine, acetylcholine and the other 
choline esters was blocked completely by atropine, 
1 mgm./kgm. intravenously, but was not blocked by 
hexamethonium, 2-3 mgm./kgm. intravenously (Fig. 
1). The action of atropine was specific since the 
vasodilator action of intra-arterial histamine (1-10 
ugm.) was not blocked. 

Intravenous injection of imidazolepropionylcholine 
(0-5-2 mgm./kgm.) or imidazoleacetylcholine (1-4 
mgm./kgm.) produced a marked hypertension fre- 
quently preceded by bradycardia and slight transient 
hypotension. A similar hypertensive response was 
observed after 10-15 ygm./kgm. of 1,1-dimethyl-4- 
phenylpiperazinium. After hexamethonium (2-3 


Control 








[ideation | Is ciel Ae 127 ee aa 


After hexamethonium 
/kgm. 


After atropine 
3 mgm. is 


1 mgm./kgm. 


Fig. 1. Effect of hexamethontum or atropine on the vasodilator 

action of murexine (m) and acetylcholine (ACh). The injection is 

indicated by the arrow on the blood-flow record. Each heavy 
time line represents 20 sec. 
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mgm./kgm. intravenously) 1,1-dimethyl-4-phenylpip- 
erazinium produced no change in blood pressure or 
heart-rate, whereas imidazolepropionylcholine and 
imidazoleacetylcholine lowered the blood pressure and 
heart-rate. Atropine (1 mgm./kgm. intravenously), 
before or after the hexamethonium, eliminated the 
depressor and bradycardic phase. 

Thus, it has been concluded that murexine and 
the two related esters have two types of autonomic 
cholinergic properties on the circulatory system— 
nicotinic and muscarinic. This is based on the 
following facts: (1) the rise in blood pressure on 
intravenous injection of the choline esters was 
blocked by hexamethonium (nicotinic) ; (2) the local 
vasodilatation on intra-arterial injection was blocked 
by atropine and not by hexamethonium (muscarinic) ; 
(3) after blockade of the intravenuus pressor effect 
by hexamethonium there was a depressor and 
bradycardic component which could be blocked by 
atropine (muscarinic). 


Martin M. WINBURY 


Schering Corporation, 
Bloomfield, 
New Jersey. 
1 Erspamer, V., and Glasser, A., Brit. J. Pharmacol., 12, 176 (1957), 
* Erspamer, V., Experientia, 4, 226 (1948). 
2 Kewitz, H., Arch. Exp. Path. u. Pharmakol., 225, 111 (1955). 
4 Conroy, C., Kappel, B., Ferruggia, T., and Randall, L. O., Fed. Proc., 
15, 412 (1956). 


* Winbury, M. M., Wolf, J. K., and Tabachnick, I. I. A., Fed. Proc., 
16, 347 (1957); J. Pharmacol. (in the press). 


Carbon Dioxide as a Reversible Inhibitor 
of Spermatozoan Metabolism 


LOW-TEMPERATURE storage (+ 5° to — 79° C.) has 
been the primary means of preserving the life and 
fertility of mammalian spermatozoa in vitro. Experi- 
ments in our laboratory have repeatedly shown that 
low levels of carbon dioxide prolonged the life of 
bovine sperm at 37° C. under either aerobic or an- 
aerobic conditions'. Recent experiments have shown 
that high concentrations of carbon dioxide in a 
properly buffered medium reversibly inhibit sperm 
motility and metabolism. Preliminary results have 
shown that the fertility of bovine semen stored for 
several days at room temperature in a diluent 
saturated with carbon dicxide is not impaired*. 

The inhibitory effect of various levels of carbon 
dioxide on glycolysis by bovine spermatozoa sus- 
pended in a new diluent, and the reversibility of this 
inhibition, are reported here. The new diluent, called 
the ‘Illini variable-temperature diluent’, was com- 
posed of 20-0 gm. sodium citrate dihydrate, 2-1 gm. 
sodium bicarbonate, 0-4 gm. potassium chloride, 
3-0 gm. glucose, and 3-0 gm. sulphanilamide, dissolved 
(by heating to near boiling) in a litre of glass-distilled 
water. One million 1.v. of penicillin G and 1-0 gm. 
dihydrostreptomycin sulphate were added _ before 
use. 

In the first studies, 0-2 ml. semen was added in 
Warburg flasks to 0-8 ml. of our diluent from which 
the antibacterial agents were omitted. The contents 
were gassed for ten minutes with nitrogen, carbon 
dioxide, or nitrogen containing from 5 to 75 per cent 
carbon dioxide. The contents of the flasks gassed 
with 100 per cent carbon dioxide reached an initial 
”H level of 6-3. The glycolytic rates as measured 
by evolution of carbon dioxide at 37° C. were used 
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Table 1. GuycoLytic ACTIVITY OF BOVINE SPERMATOZOA IN VaRTIovS 
GASES DURING INCUBATION FOR 4 HR. AT 37° C. IN LLLINt VARIABLE- 
TEMPERATURE DILUENT CONTAINING NO ANTIBACTERIAL AGENTS 




















Carbon dioxide evolved (1.)/10*® spermatozoa 
= 5% 25% 50% | 100% 

) Nitrogen carbon carbon carbon carbon 
dioxide dioxide dioxide dioxide 

1 38-7 40-8 19-4 9-6 6-0 

2 “4 64-3 25-4 12-2 7-5 

3 82-9 79°9 31-7 13-7 5-9 

4 93-9 87°7 36-4 146 5:7 




















for periods ranging from 4 to 24 hr. to determine the 
inhibitory effects of the gas phase. 

As shown in Table 1, with Illini variable-tempera- 
ture diluent the glycolytic rate on a mean of three 
semen samples during the initial 4-hr. period tended 
to be optimum at the 5 per cent carbon dioxide level 
for the first hour, but afterwards was depressed 
slightly below that in 100 per cent nitrogen. Each 
higher amount of carbon dioxide in the gas phase 
resulted in an increased inhibition of glycolysis. With - 
some semen samples the inhibition of glycolysis was 
maximum with the 50 per cent carbon dioxide gas 
mixture. With others, higher levels of carbon dioxide 
were required, and the inhibition of the initial 
glycolysis was essentially completed by the end of 
the first hour under 100 per cent carbon dioxide. 

At the end of selected 4-hr. periods, inhibition 
was reversed by flushing the flasks and contents with 
a@ mixture of 95 per cent nitrogen and 5 per cent 
carbon dioxide. As shown in Table 2, the rate of 
glycolysis by the previously inhibited sperm returned 
to the level initially exhibited by the sperm under 
the low carbon dioxide mixture. 

Table 2, GLYCOLYTIC ACTIVITY OF BOVINE SPERMATOZOA IN A MIX- 
TURE OF 5 PER CENT CARBON DIOXIDE AND 95 PER CENT NITROGEN 
BEFORE AND AFTER 24 HR. UNDBR 100 PBR CBNT CARBON DIOXIDE 


AT 37°C. IN ILLINI VARIABLE-TEMPBRATURE DILUENT CONTAINING 
THE ANTIBACTERIAL AGENTS 











on Carbon dioxide evolved (ul.)/10* spermatozoa 
me 
(hr.) Initial Final 

1 41°5 24-0 

2 57-0 41-9 

3 65°5 57-4 

4 72-4 70-0 

















Table 2 illustrates a lag in the recovery. Sperm- 
atozoan motility estimations were made on the flask 
contents after completion of the 4-hr. period follow- 
ing reversal of the inhibition. In the case of the 
results in Table 2, 50 per cent of the total cells still 
showed vigorous motility. The final pH of the 
flask contents was 6-76. 

The rate of glycolytic activity following inhibition 
was directly related to the completeness of the initial 
inhibition. When inhibition was maximal during the 
24-hr. period, both motility and glycolytic rates in 
the subsequent 4-hr. period were essentially the same 
as those in the initial 4-hr. period under 5 per cent 
carbon dioxide. Incomplete inhibition often resulted 
in death of the sperm cells during the 24-hr. period 
at 37°C. Following reversal of the maximal inhibi- 
tion, oxygen consumption was at levels similar to 
that during an initial 4-hr. period. On the other 
hand, when inhibition was incomplete and death 
ensued, respiration could occur at reduced levels. 
The practical application of these observations in the 
preservation of semen for artificial insemination are 
readily apparent. 
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These experiments were supported in part by 
grants from the Rockefeller Foundation and the 
Illinois Dairy Cattle Breeding Federation. 


G. W. SaLissury 
N. L. VanDemarxk 


Department of Dairy Science, 
University of Illinois, 
Urbana. 

May 21. 

1 Baker, F. N., VanDamark, N. L., Salisbury, G. W., and VanTien- 
hoven, A., J. Animal Sci., 11, 733 (1952). Salisbury, G. W., and 
Kinney, jun., W. C. (unpublished results, 1953). Kinney, jun., 
W. C., M.S. thesis, University of Lilinvis (1954). 
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Phenols as Inhibitors of the Heparin 
Co-factor of Plasma 


PHENOLS counteract the antithrombic activity of 
plasma and serum'. The antithrombic activity is 
present in a protein fraction which also contains the 
co-factor required for the anticoagulant effect of 
heparin’. The antithrombic and the heparin co- 
factor activity are present in the a-globulin fraction 
of human plasma*. It was therefore of interest to 
test the influence of phenols on heparin activity in 
plasma. 

The results indicate that the phenols tested partly 
counteracted the heparin effect in human oxalated 
plasma. On a molar basis p-cresol is more active than 
the other compounds ; a similar behaviour was noted 
with phenols in the counteraction of antithrombic 
activity. 

Phenols accelerate the thrombic fibrinogen reaction* 
by a factor of approximately 2. The observed shorten- 
ing of the thrombin clotting time by phenols in the 
presence of heparin is far greater, therefore it cannot 
be due solely to this effect. The phenomenon could be 
due either to destruction of heparin or to a partial 
inactivation of the heparin co-factor. Heparin is not 
destroyed by phenol since phenol can be used for 
the quantitative isolation of heparin from plasma*. 
Further evidence that pyrocatechol does not in- 
activate heparin itself was obtained from experi- 
ments in which twice as much heparin was added to 
oxalated human plasma under conditions similar 
to those given in Table 1, both in the presence 
and absence of 0-36 M pyrocatechol. The recovery 
of heparin was approximately 80 per cent in both 


cases. 

It is therefore most likely that the phenols have 
the property of inhibiting the co-factor of heparin 
activity. The physiologically occurring phenuls— 
adrenaline, noradrenaline, tyrosine, natural cestrogens 


Table 1. INFLUENCE OF PHENOLS ON HEPARIN ACTIVITY 
Reaction mixture consisted of 0-2 ml. plasma, 0-05 ml. veronal buffer, 
pH 7-1, containing the phenols and 0-05 ml. veronal buffer, pH 7:1, 
containing heparin. Incubation for 1 min. at 37°C. Addition of 

¢-1 ml. humana thrombin dissolved in veronal buffer, pH 7-1 
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and synthetic cestrogens—in saturated solutions in 
the buffer system used had no effect on heparin 
activity. 

Heparin antagonists have been described to occur 
in crude preparations of adrenocorticotrophic hor- 
mone®. However, the mechanism was not established. 
It should be pointed out that for the preparation of 
corticotrophin solution, phenol is used often and this, 
of course, would affect heparin activity in plasma. 

There are two classes of heparin antagonists: . 
basic substances which bind heparin, and thus annul 
the heparin effect, and the phenols which counteract 
the heparin co-factor. 


P. Fanti 
A. G. M. Marr 


Baker Medical Research Institute, 
Alfred Hospital, 
Prahran, Australia. 

May 16. 
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A Hitherto Unknown Blood Clotting 
Defect in H2mophilia and Christmas 
Disease 


Many consider that the blood clotting defect in 
hemophilia and Christmas disease is due to a de- 
ficiency of one of the blood clotting factors, namely, 
antihemophilic globulin! or Christmas factor (plasma 
thromboplastin component)?. Others believe that 
the anomaly is produced by a derangement in the 
balance between a lipid inhibitor and a platelet 
plasma co-factor*. 

While investigating the specificity of different 
forms of plasma thromboplastin‘, we noticed that 
incomplete plasma thromboplastin—that is, thrombo- 
plastin formed in the absence of antihwmophilic 
globulin or Christmas factor—clotted normal sub- 
strate (plasma) in a shorter time than hzmophilic 
or Christmas disease (Table 1). This difference in 
the times of clotting was not materially affected on 
the addition of antihzmophilic globulin or normal 
serum (Christmas factor) to the substrates, re- 
spectively. This indicated that it was due to 4 


EFFEcT OF INCOMPLETE PLASMA THROMBOPLASTIN ON 


Table 1. 
NORMAL AND PATIENTS’ SUBSTRATES 





Clotting time of substrate 
sec. . 


"" Patients’ 
plasma 


Reagents incubated with 0-025 M 
calcium chloride (equal volumes) Normal 


plasma 








Molarity of compound Heparin Thrombin clotting time 

(int. units) (sec.) 
Phenol 0-36 0-5 12 
Phenol 0-22 0-5 19 

p-Cresol 0-15 0-5 11-12 
-Cresol 0-09 0-5 18-5 

Pyrocatechol 0-36 05 11-12 
canker ves) 0-22 ~ - 
Pheno! 0-36 0 5 
Creso} 0-15 0 5 
Pyrocatechol 0-36 0 5 
0 0-5 >300 

















Hemophilic plasma adsorbed by 
aluminium hydroxide (1 : 5) 40 59 
Normal serum (1 : 10) 
Platelet suspension 


Normal plasma adsorbed by aluminium 

hydroxide (1 : 5) 32 47 
Christmas disease serum (1 : 10) 
Platelet suspension 




















* The activity of the incomplete plasma thromboplastin formed in 
the re oy "aixtare was tested after 6 min., by taking 0-1 ml. 
thereof together with 0-1 ml. 0-025 M calcium chloride, adding —_ 
simultaneously to 0-1 ml. substrate at 37°(., and recording the 
clotting time. 
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cause other than the deficiency of these factors in 
the substrates. Since the concentration of pro- 
thrombin in the plasmata of these diseases is known 
to be normal’, further experiments were carried out 
in order to elucidate the cause of their delayed 
clotting. The results* have shown the presence of an 
anticoagulant which counteracts the action of incom- 
plete plasma thromboplastin on prothrombin. In 
addition, this anticoagulant was found to inhibit the 
interaction between Christmas factor, antihemophilic 
globulin and platelets. 

The anticoagulant is a congenital anomaly, being 
present in the plasma of 123. patients who were 
examined, six of whom had received no blood trans- 
fusions. A study of its properties showed that it 
bears no resemblance to any inhibitor of blood 
clotting previously described. It is not adsorbed on 
glass, aluminium hydroxide, kaolin or asbestos, and 
is absent in serum. 

It is now our opinion that the defect in these two 
diseases is produced by a deficiency in a blood clotting 
factor as well as by the presence of this inhibitor 
termed Bridge anticoagulant. The concentration of 
the latter seems to influence greatly the clinical 
picture (unpublished work). 


No. 4593 


F. Nour-Exip1n* 
JoHN F. WILKINSON 
Department of Hematology, 


Royal Infirmary, and 
University of Manchester. 
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Nucleic Acid Metabolism in 
Megaloblastic Marrows in vitro 


Davipson et al.! reported that the deoxyribonucleic 
acid phosphorus content is increased above normal 
in megaloblastic bone marrow. Vilter et al.*, on the 
other hand, on the basis mainly of deoxyribonucleic/ 
ribonucleic acid ratios, claimed that megaloblasts 
are deficient in deoxyribonucleic acid, more specifi- 
cally in thymine. 

Formate carbon-14 in bone marrow cultures in vitro 
labels nearly exclusively deoxyribonucleic acid ; about 
95 per cent of the radioactivity is found in the 
5-methyl group of deoxyribonucleic acid thymine®. 
Earlier work from this laboratory reported that 
megaloblasts ripen in normal serum, their ripening 
is inhibited by pernicious anemia serum, and 
pernicious anzmia serum may cause the transforma- 
tion of normoblasts into megaloblasts*. Both folic 
acid and citrovorum factor cause maturation of 
megaloblasts in vitro. 

In view of the above observations, it was decided 
to investigate the uptake of formate carbon-14 
(sodium formate carbon-14, specific activity 4-85 mc./ 
m.mole, 1-25 uc./ml. medium) in cultures of megalo- 
blastic marrows in normal and in pernicious anemia 
sera. The methods for culturing bone marrow cell 
Suspensions in vitro and for a high-resolution auto- 
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Fig. 1. Localization of formate carbon-14 in megaloblast cultured 
in vitro. Stained autoradiograph. (x 2,000) 


radiography on smears prepared from such cultures 
have been published previously’. Grain counts over 
individual! cells indicated the amount of formate car- 
bon-14 incorporated into deoxyribonucleic acid (Fig. 1). 

Tables 1 and 2 indicate that the incorporation 
of formate carbon-14 into deoxyribonucleic acid was 
not significantly influenced by the type of serum in 
the culture medium. Pernicious anzmia sera certainly 
did not cause an inhibition of uptake. On the con- 
trary, there is a suggestion of a slightly increased 
uptake in such sera. Citrovorum factor also did not 
significantly influence the uptake of formate carbon-14 
into megaloblasts. No difference was found in uptake 
between normoblasts and megaloblasts. 

In 24-hr. cultures of six normal marrows in normal 
serum and eight pernicious anemia marrows in 
pernicious anemia serum a comparison was made of 
the formate carbon-14 and adenine carbon-14 uptake 
in vitro. Table 3 indicates that the deoxyribonucleic 
acid labelling of the myelocytes is similar, whether 
they originate from normal or pernicious anemia 
marrows, but the megaloblasts show higher grain 
counts than the corresponding normoblasts (baso- 
philic grade). The ribonucleic acid labelling, however, 
is about twice as high in myelocytes and nearly 
3-5 times as high in megaloblasts from pernicious 
Table 1. AVERAGE GRAIN COUNTS OVER 50 NUCLEATED RED CELLS 


OF A MEGALOBLASTIC MARROW CULTURED in vitro FOR 18 HR. IN TWO 
DIFFERENT NORMAL SERA AND IN FOUR DIFFERENT PERNICIOUS 


ANZMIA SERA 
Formate carbon-14 added after 8 hr. of incubation 








Type of culture Early megaloblasts 
Normal serum I sy 24 
Normal serum II 25 
Pernicious anemia 

Serum I 27 
Serum If 34 31 
Serum III 29 
Serum 1V 35 














Note: In this marrow all the red cell precursors were megaloblastic 
in character. 











Table 2. EFFECT OF PERNICIOUS ANZMIA SERUM ON FORMATE 
CARBON-14 UPTAKE INTO DEOXYRIBONUCLEIO AOID tm vitro 
Grain counts over 50 cells 
Experi- Type of Culture 
ment marrow timein | In normal | In pernicious 
No. isotope serum anzsmia serum 
207 Megaloblastic 17 hr.* 24 27 
218 Megaloblastic 20 hr.* 45 45 
219 Blast cell 29 31 
leukemia 21 hr.* 30 40 
261 Megaloblastic 6 hr. 20 17 
280 Megaloblastic 10 hr.t 24 29 























* Isotope added after 3 hr. incubation. + Isotope added after 22 hr. 
incubation. {Isotope added after 8 hr. incubation. 
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Table 3. DEOXYRIBONUCLEIO ACID AND RIBONUCLEIC ACID SYNTHESIS 
IN NORMOBLASTIC AND MEGALOBLASTIC MARRUWS 
Grain counts in 24-hr. cultures 














| 
Normal marrows Pernicious anemia 
Label marrows 
Normo- Myelo- Megalo- Myelo- | 
blasts cytes blasts cytes | 
Formate carbon-14 120 98 170 100 
(DNA) 
Adenine carbon-14 245 185 603 295 
(DNA + RNA) 
Adenine minus 
formate = RNA 125 87 433 195 
DNA/RNA 0-96 1-10 6-39 0-51 























anzemia marrows than in myelocytes or normoblasts 
from normal marrows (inter-marrow variations of 
grain counts over myelocytes or erythroblasts is 
+ 10 per cent). 

These observations complement earlier findings by 
Davidson et al.1 and indicate that in pernicious 
anemia marrows deoxyribonucleic acid synthesis is 
slightly increased in megaloblasts but not in the 
myelocytes. Synthesis of ribonucleic acid, however, 
is greatly increased in myelocytes and even more 
so in megaloblasts of pernicious anemia marrows. 
Since in short-term (6-20 hr.) cultures no marked 
difference was noted between normal and pernicious 
anemia serum in the medium, it is suggested that the 
megaloblastic change takes more than 20 hr. to 
develop. This is in agreement with earlier observa- 
tions on the formation of megaloblasts in normal 
marrows cultured in pernicious anemia serum‘, 

The underlying biochemical defect in the megalo- 
blasts is far from clear. Determinations based on 
deoxyribonucleic/ribonucleic acid ratios may be mis- 
leading, because a greatly increased ribonucleic acid 
and a slightly less increased deoxyribonucleic acid 
content may give the erroneous impression of de- 
ficiency in deoxyribonucleic acid. 
L. G. LastHa 
T. Kumartori 


Radiobiology Laboratory, 
Department of Radiotherapy, 
Churchill Hospital, 
Oxford. 
* Davidson, J. N., Leslie, I., and White, J. C., Lancet, i, 1287 (1951) ; 
J. Path. Bact., 68, 471 (1951). 


* Vilter, R. W., Horrigan, D., Muellér, J. F., Jarrold, T., Vilter, C. F., 


Hawkins, V.,and Seaman, A., Blood, 5, 695 (1950). Vilter, R. W. 


Glazer, H. S., Mueller, J. F., Jarrold, T., Sakurai, K., and Will, 
J.J., J. Lab. Clin. Med., 42, 959 (1953). Glazer, H. 8., Mueller, 
J F., Jarrold, T., Sakurai, K., Will, J. J., and Vilter, R. W., 
J. Lab. Clin. Med., 43, 905 (1954). 

* Totter, J. R., J. Amer, Chem. Soc., 76, 2196 (1954). Lajtha, L. G., 
Nature, 174, 1013 (1954). 

* Lajtha, L. G., Clin. Sci., 9, 287 (1950). 

ee. G., J. Clin. Path., 5, 67 (1952) ;~J. Photogr. Sci., 2, 130 


Effect of Ultra-violet Light on Mouse 
Skin over a Wide Range of Intensities 


WuETHER the effect on the living skin of a constant 
dose of ultra-violet radiation is the same if given with 
high intensity in a short pulse as if given with low 
intensity over a longer period of time has not appar- 
ently been recorded. We have therefore examined the 
tissue injury caused in mouse skin by ultra-violet light 
of wav2-length about 300 mu when the intensity of the 
incident light was varied from 10" to 10% hv/em.? sec. 

A high-pressure mercury lamp with appropriate 
filters (2 mm. Jena WG 7 + 10 mm. NiSO,.6H,0, 
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minimum dose tv cause tissue injury in mouse skin 


500 gm./l.) served as source of light at the lower 
intensities. To obtain different intensities, working 
distances of about 10, 12, 35, 40 and 140 cm. were 
used with exposure times varying from } min. up 
to 120 min. The light pulse of high intensity was 
obtained from a photolysis flash lamp with maximum 
emission at about 300 my? provided with the same 
filters. The working distance was 4-5 cm., giving a 
constant average light-intensity of about 1-3 x 10% 
hy/em.* sec. or about 860 watts/em.*; suitable 
exposure times were 50-150 ysec. The intensities 
and doses were determined by means of chemical 
actinometry (both uranyloxalate and potassium 
ferrioxalate). 

The mice, a commercial albino stock, were shaved 
with a barium suiphide paste on the back. They were 
fastened rigidly without anzsthesia by means of black 
rubber sheets to plane wooden boards and irradiated 
on the back through 20 mm. circular openings in 
the sheets. Each animal was normally irradiated 
at two positions, both placed over the spine, with 
about 25 mm. between their centres. A total of 
about 100 animals were used in the experiments 
reported here. 

The degree of tissue damage was estimated by the 
leakage into the irradiated areas of intravenously 
injected Evans blue. A volume of 0-3 ml. of the dye 
solution (0-5 per cent in saline) was injected intra- 
venously 20 hr. after irradiation. The animals were 
killed 15 min. after injection. The degree of blueing, 
estimated by visual colorimetry of the dried skin, 
was plotted as a function of the irradiation dose. 
From these curves the minimum dose causing blueing 
was estimated and is plotted against intensity in 
Fig. 1. It is evident that this minimum dose is virtu- 
ally constant over a 10’-fold change in intensity. 

The intensity of the blueing increases with the 
dose of radiation up to a certain point. The blueing 
then gradually becomes weaker, probably due to 4 
decrease in blood supply as the damage is increased. 
This latter limb of the curve is markedly influenced 
by the light intensity. At the flash intensity the 
decrease in blueing is evident at much lower doses 
than in the case of the lower intensities. 

8. CLaESsON 
G. WETTERMARK 
Institute of Physical Chemistry, 
L. JUHLIN 
Institute of Pharmacology, 
University of Upsala. 
June 24. 


1 Claesson, S., and Lindqvist, L., Arkiv Kemi 11, 535 (1957). Claesson, 
8., and Wettermark, G., ibid., 11, 561 (1957). 
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Search for a Potassium Compartment in 
the Human Red Cell Membrane 


THE present experiments are concerned with the 
search for a potassium carrier in the membrane of 
the human red cell. From studies on the efflux of 
potassium-42 from human red cells, Solomon and 
Gold! concluded that the cell contained its intra- 
cellular potassium in two separate compartments. 
The larger compartment was assumed to contain 
41-6 m.eq. potassium/l. blood ; the smaller compart- 
ment was assumed to contain 1-75 m.eq. potassium/1. 
blood’, and to reach its peak specific activity about 
1-5 hr. after potassium-42 was added to the system. 
Fig. 1 shows an analogue computer curve giving the 
time course of the predicted relative specific activities 
of the three compartments under the present experi- 
mental conditions. In order to determine whether 
the smaller compartment could be identified with 
the membrane phase, the kinetics of the uptake of 
potassium-42 by the cellular membrane have been 
studied over the time period of a few minutes to 
six hours. They have failed to reveal the presence 
of a significant potassium-containing compartment 
within the membrane phase. Since the time resolu- 
tion of the present experiments is about three minutes, 
no information is available about processes which 
may be complete in shorter times. 

Human red cells, suspended in plasma diluted with 
buffer (Ref. 2, Table 1) to form a suspension con- 
taining about 20 per cent cells, were incubated with 
potassium-42 in the usual manner*. Periodically, 
l-ml. samples of the blood suspension were with- 
drawn from the incubation bath, and a small amount 
of rubidium-86 was added. The sample was then 
poured on to a siliconized ‘Milli-pore’ filter, which is 
characterized by pores too small to pass red cells 
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Fig. 1. Analogue computer curve showing predicted relative 
Specific activities for potassium-42 uptake in large and small 
intracellular compartments 
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Fig. 2. Uptake of potassium-42 by human red cell membranes. 

The curves have been drawn by eye. The units of potassium-42 

are arbitrary and refer to a fixed size of sample. The statistical 
counting error is shown in the top left corner 


or hemolysed red cell membranes. The cells were 
then hxmolysed by the addition of a 5-ml. portion 
of water, and suction was applied to remove the 
hemolysate. This process was repeated and the 
material adhering to the filter was then washed once 
with 5 ml. of normal buffer. The total procedure 
required 2-3 min. The filter and adhering membranes 
from two separate 1-ml. samples taken at the same 
time were then combined for counting. Simultaneous 
determinations of the potassium-42 and rubidium-86 
radioactivities were made in a gamma-ray spectro- 
meter. Since the washing procedure did not remove 
the suspension medium quantitatively from the mem- 
branes and the filters, the rubidium-86 radioactivity 
was used for correcting for the adherent medium. 
The remaining potassium-42 after correction was 
assumed to comprise all the membrane potassium-42 
together with a small amount of trapped potassium-42 
from the large intracellular potassium compartment. 

Control experiments in which hemoglobin was 
measured photometrically demonstrated that hemo- 
lysis was at least 97 per cent complete under these 
conditions. In three other control experiments, when 
plasma solutions containing potassium-42 and rubi- 
dium-86 (with inorganic conccntrations chosen to 
simulate experimental conditions) were poured over 
blank pieces of ‘Milli-pore’ filter paper, the ratio of 
potassium-42/rubidium-86 trapped in the filter paper 
was found to be 1:0 + 0:1. 

The results of two typical experiments of a series 
of six are given in Fig. 2. It will be seen that the 
uptake is approximately linear, with no sign of a 
maximum at 1-5 hr. The kinetics are comparable 
with the kinetics of the large intracellular compart- 
ment, and the uptake could be accounted for com- 
pletely on the basis of 0-3 per cent of the intra- 
cellular potassium remaining with the membrane 
phase. It is concluded that the membrane phase, as 
prepared under the present conditions, does not 
account for a small intracellular potassium compart- 
ment with kinetics comparable to those shown in 
Fig. 1. 

The potassium-42 content of the membrane can 
be converted into total potassium uptake on the 
assumption that all the membrane potassium-42 
is derived from the plasma and is accompanied by 
non-labelled potassium in the same proportion as the 
average present in the plasma. This leads to uptakes 
of 5 and 3-5 yveq./l. cell hour for experiments 5 and 6 
respectively, which are very small compared with 
the predicted small compartment uptake of 2 m.eq./l. 
cell hr. It can be concluded that the exchange of 
extracellular potassium with the membrane phase 
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must proceed at a rate less than about 5 ueq./l. 
cell hr., or that the membrane potassium must 
exchange with its environment in a period short 
compared with three minutes. 
This work was supported in part by the United 
States Atomic Energy Commission. 
A. K. Sotomon 
JunE Loucks 
DanteEL A. POLLEN 
Tuomas J. Gri, IIT 
ELIZABETH WOLF 


Biophysical Laboratory, 
Harvard Medical School, 
Boston 15, Mass. 


Bae A. K., and Gold, G. Lennard, J. Gen. Physiol., 38, 371 

955). 

* Solomon, A. K., Gill, Thomas J., ITI, 
Gen. Physiol., 40, 327 (1956). 

* Solomon, A. K., J. Gen. Physiol., 36, 57 (1952). 


and Gold, G. Lennard, J. 


Solution of Mineral Phosphates by Soil 
Bacteria 


THE mechanisms by which soil micro-organisms 
dissolve insoluble mineral phosphates and make them 
available to plants is largely unknown, therefore 
research was undertaken to investigate these pro- 
cesses. 

Phosphate-dissolving bacteria and fungi were 
isolated from. soil dilutions by a modification of 
Gerretsen’s technique! using carrot extract agar con- 
taining finely crystalline hydroxyapatite, precipitated 
by the addition of calcium chloride and di-potassium 
phosphate at 50°C. and afterwards adjusting the 
pH to 7. A strain of Escherichia freundii was selected 
for studying the mechanisms of solubilizing the 
hydroxyapatite, since it dissolved large amounts after 
24-hr. incubation. A minimal medium containing 
1-0 per cent glucose, 0-05 per cent yeast extract and 
mineral salts was devised and hydroxyapatite was 
precipitated in the agar as previously described. 
Zones of solubilization appeared around individual 
colonies after 24-48 hr. growth at 25°C. (Fig. 1) 
wherever the organism produced acids from ferment- 
able carbohydrates (Table 1). 

E. freundiit grown in the minimal liquid medium 
for three days at 25° C. completely dissolved hydroxy- 
apatite (220 umgm. P/ml.)* both aerobically and 


Table 1. FERMENTATION AND SOLUBILIZATION OF APATITE BY E. 

fSreundit IN THE PRESENCE OF VARIOUS CARBOHYDRATES 
Cis tins raid a Sadako ass iota EN 
| Carbohydrate 


Solubilization | 
supplied Fermentation of apatite | 
Glucose A+G 
Maltose A+G } | 
Glycerol j A+G | + 
Sucrose | Growth only 
Erythritol Growth only 
A, Acid; G, gas; +, solubilization; —, no solubilization 


Table 2. ActD PRODUCTION BY E. freundii 
(neq. acid/ml. of culture supernatant) 





l bis 
Aerobic | Anaerobic | 
Determination Phosphate supplied Phosphate supplied 
ODED x, LOE ts: EE: 
KH,PO, | Apatite 


-KH,PO, | Apatite | 





Total acidity | Micstdaltos Linge 22 
Non-volatile acidity 8 9 17 15 
Lactic acid } 75 82 14:3 16 | 











NATURE 


November 9, 1957 


VoL. 180 





Fig. 1. Clear zone of phosphate solubilization around colonies of 
E. freundii on a minimal medium in which hydroxyapatite has 
been precipitated at 50°C. (x 4-5) 


anaerobically. The organic acids in the culture 
supernatant were identified by paper chromato- 
graphy. Volatile acids were converted into hydroxamic 
acids*, and thus formic, acetic and propionic acids 
were detected. The non-volatile acids were de- 
termined by the method of Ladd and Nossal‘ and in- 
cluded large amounts of lactic acid with smaller 
quantities of glycollic, fumaric, adipic and succinic 
acids. The lactic acid® represented about 85-100 per 
cent of the non-volatile acids (Table 2). 

Johnson* showed that all these acids solubilize 
calcium hydrogen phosphate and calcium phosphate, 
the «-hydroxy acids being among the most reactive. 
Laboratory tests indicated that 1,200 umgm. lactic 
acid was sufficient to bring 220 ymgm. phosphorus 
into solution. Solution occurred almost immediately 
and showed no increase after three days standing. 
Therefore lactic acid alone from this bacterium could 
have dissolved the apatite. On nutrient agar this 
organism produced golden-coloured intra-colonial 
crystals identified as calcium carbonate, as described 
by Hewitt? for E. coli. 

Numerous other phosphate-dissolving organisms 
have been isolated. From Waite Institute soil 291 
bacterial isolates were made, of which 184 grew on 
the minimal agar and 84 showed digestion zones vary- 
ing from 1 to 10 mm. in diameter around individual 
colonies. In all cases solubilization was accompanied 
by a fall in pH, the lowest value recorded being 4:5. 
An even higher percentage of phosphate solubilizing 
bacteria were isolated from the rhizospheie of plants. 
Many of the organisms irreversibly lost their ability 
to dissolve phosphate after a few subculturings. 
After a further period of incubation numerous cultures 
precipitated calcium salts over the whole of the 
cleared areas. With one strain of A. niger a band of 
reprecipitation followed closely behind the zone of 
solution. 

Further results have shown that the finer the 
phosphate particle the more easily it was digested 
by the organisms. In an experiment where ferric 
phosphate was incorporated as the insoluble phos- 
phate source, a marked blackening of the particles 
by numerous organisms occurred. This was shown 
to be due to hydrogen sulphide production by these 
organisms. The hydrogen sulphide presumably 
reduced ferric phosphate to black ferrous sulphide 
with the release of phosphate. ; 

The importance of these organisms in the soil is 
difficult to assess but it seems that a local accumula- 
tion of lactic acid and hydrogen sulphide from 
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microbial metabolism are at least two biological 
products important in rendering insoluble phos- 
phates available. Research is continuing on other 
bacterial and fungal isolates. 

I wish to thank Mrs. L. E. R. Rogers for taking 
X-ray patterns and identifying the precipitate from 
calcium chloride and di-potassium phosphate as very 
finely crystalline hydroxyapatite. 

Joan I. SPERBER 


Microbiclogy Department, Division of Soils, 
Commonwealth Scientific and 
Industrial Research Organization, 

c/o Waite Agricultural Research Institute, 
Private Bag, Adelaide. 


1 Gerretsen, F. C., Plant and Soil, 1, 51 (1948). 
* Gomori, G., J. Lab. Clin. Med., 27, 955 (1942). 
Thompson, A. R., Aust. J. Sci. Res., B, 4, 180 (1951). 
‘ Ladd, J. N., and Nossal, P. M., Aust. J. Exp. Biol., 32, 523 (1954) 
Barker, J. B., and Summerson, W. H., J. Biol. Chem., 188, 535 
(1941). 
* Johnson, H. W., N.Z. J. Sci. Tech., B, 33, 486 (1952); 36, 49, 281 
(1954). 
7 Hewitt, H. B., J. Path. Bact., 59, 657 (1947). 


Pathway of the Synthesis of Fucose from 
Glucose in Klebsiella aerogenes 


Iv is possible to obtain evidence for the synthetic 
pathway of a monosaccharide by determining its 
isotopic labelling in a suitable polysaccharide which 
has been produced from a labelled substrate. Experi- 
ments were undertaken to determine the synthetic 
pathway of fucose using a fucose-containing extra- 
cellular bacterial polysaccharide which was produced 
from labelled glucose and methionine as the sole 
carbon and energy sources. 

A washed suspension containing about 0:5 mgm. 
total cell nitrogen per ml. of a slime-forming strain 
of type 54 Klebsiella aerogenes (A3 ‘S1’) was prepared 
from a nitrogen-deficient solid medium'. It was 
aerated for 6 hr. at 30° in 250 ml. of a medium 
containing 0-1 per cent glucose, 0-001 per cent 
methionine, 0-001 per cent magnesium chloride, 
0-0001 per cent calcium chloride and 0:2 M sodium 
phosphate—potassium phosphate buffer pH 7-2. The 
extracellular type-specific polysaccharide was isolated, 
purified, hydrolysed and the component sugars 
(D-glucose, D-glucuronic acid and L-fucose) isolated as 
described previously*. The labelling on each carbon 
of glucose was determined using the Leuconostoc 
mesenteroides method*® and on C6 of glucuronic acid 
by decarboxylation with hydrochloric acid‘. Fucose 
was degraded by periodate oxidation to give formic 
acid (Cl-4) and acetaldehyde (C5-6). The acetalde- 
hyde was oxidized to acetic acid which was degraded 
to give C5 and C6 separately®. 

Experiments using unlabelled glucose and “CH,- 
labelled methionine (100 ue.) as the carbon and 
energy sources for synthesis showed little radio- 
activity incorporated into the polysaccharide (less 
than 0-01 per cent conversion) and no increased 
labelling of the methyl group of fucose compared with 
the rest of the polysaccharide. This result indicated 
that fucose is probably not formed by methylation 
of the corresponding pentose. Experiments using 
unlabelled methionine and either glucose-1-"C or 
glucose-6-"C (200 ue.) gave a yield of radioactivity 
in the purified polysaccharides of 12-1 and 13-2 per 
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Table 1. PER CENT DISTRIBUTION OF RADIOACTIVITY IN Mono- 

SACCHARIDES DERIVED FROM TYPE 54 Klebsiella aerogenes POLY- 

SACCHARIDE AFTER et camer aa GLUCOSE-1-“C OR GLUCOSE- 
40 























Glucose-1-*C | Glucose-6-"C 
a | 1 Pons we 1 
| Carbon Glu- | Gh- 
| atom Glucose | curonic | Fucose | Glucose | curonic | Fucose 
| aci acid 
1 ane Cae ee | 13-7 | oe _ 
2 | 12 ee ee ze a 
3 56 | — | — | 37 _ — 
4 3-0 ~ i— 6-7 | “= _ 
5 1-1 aa | BiBsstext emt | — 0-9 
6 19-0 18-6 20°3 72°9 69 +2 71°5 
| Average | 
bo 19-6 ite BS 6-4 | se 52 





cent respectively. The distribution of carbon-14 in 
the component sugars is shown in Table 1. 

It is evident that the distribution of labelling in 
the three sugars is very similar, so far as the experi- 
mental method can determine. This suggests that 
glucuronic acid and fucose are probably derived from 
glucose without a splitting of the carbon chain and 
without a reversal of the molecule. The result with 
glucuronic acid was expected from a knowledge of its 
synthetic pathway® and agrees with previous results 
obtained with Streptococcus pyogenes*. However, 
conversion from p-glucose to L-fucose without split- 
ting or inversion of the carbon chain involves a 
Walden inversion of three carbon atoms as well as 
reduction of C6 to a methy] group—a very surprising 
metabolic pathway. 

CHO 1 CHO 
| 
H—C—OH 2 HO—G—H 


| 
HO--C—H 


3 
| 1 
H—C—OH 4 H—C—OH 
| | 
H—C—OH 5 HO—C—H 
| 
CH,OH 6 CH, 
p-Glucose L-Fucose 


Similar results showing a conversion of D-glucose 
to L-fucose without a change in carbon chain have 
been obtained recently by Heath and Roseman (in 
the press). They degraded the fucose of the extra- 
cellular polysaccharide by periodate oxidation of the 
benzimidazole compound in order to get Cl, 2, 5 
and 6 separately. As their results are reported in 
detail, those presented in this communication will not 
be published further. 

The experiments described above were carried out 
during 1955 at the Berkeley campus of the University 
of California. I am indebted to the Rockefeller 
Foundation for a fellowship during this period. 

J. F. WiLKInson 

Bacteriology Department, 

University of Edinburgh, 

Edinburgh. 

1 Wilkinson, J. F., Duguid, J. P., and Edmunds, P. N., J. Gen. Micro- 
biol., 11, 59 (1954). 

* Wilkinson, J. F., Dudman, W. F., and Aspinall, G. O., Biochem. J., 
59, 446 (1955). 

’ Edelman, J., Ginsburg, V., and Hassid, W. Z., J. Biol. Chem., 218, 
843 (1955). 

* Roseman, S., Ludowieg, J., Moses, F. E., and Dorfman, A., J. Biol. 
Chem., 206, 665 (1954). 


5 Strominger, J. L., Kalekar, H. M., Axelrod, J., and Maxwell, E. 8., 
J. Amer. Chem. Soc.,'74, 6411 (1954). 
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Effect of Gamma Rays on the Sprouting 
of Stored Mangolds 


Gamma radiation, which has previously been 
shown to prevent sprouting in potatoes', onions* and 
carrots*, has now been found to prevent the sprouting 
of stored mangolds (Beta vulgaris). Recently har- 
vested mangolds of the variety Orange Globe, from 
which the leaves had been removed leaving 2 in. of 
leaf-stalk, were irradiated in batches of five with a 
cobalt-60 source giving a dose-rate of 100 rads per 
min. After treatment on November 7, 1956, the 
mangolds were bedded in damp sand in an unheated 
building. On April 8, 1957, the mean lengths of 
the sprouts were 5-7, 3-2, 1-5, 0-0, 0-0 and 0-0 in. 
on the batches given 0, 5,000, 10,000, 20,000, 30,000 
and 40,000 rads, respectively. Some of the aphid 
species that transmit viruses of sugar beet and 
mangold crops survive through the winter in clamps 
and multiply in the spring on the developing sprouts 
of mangolds‘. This experiment was part of a pro- 
gramme of research to find a method of preventing 
the aphid vectors from over-wintering in this way. 

C. E. Cornrorp 
Rothamsted Field Station, 
Dunholme, Lincoln. 
D. B. POWELL 
Technological Irradiation Group, 
Atomic Energy Research Establishment, 
Isotope Division, 
Wantage Radiation Laboratory, 
Grove, Nr. Wantage, Berks. 


1 Sparrow, A. H., and Christensen, E., Nucleonics, 12, (No. 8), 16 
(1954). 


* Dallyn, 8S. L., Sawyer, R. L., and Sparrow, A. H., Nucleonics, 13 
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* Mikaelsen, K., Brenna, H., and Roer, L., Proc. Ist Int. Conf. on the 
Peaceful Uses of Atomic Energy, 12, 208 (19564). 

‘ Broadbent, L., Cornford, C. E., Hull, R., and Tinsley, T. W., Ann, 
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Effects of Red and Far-Red Radiation 
on Seed Germination 


DvRING a recent study of the effect of continuous 
and short illumination on the germination of 
Amaranthus retroflecus seeds', three new facts con- 
cerning the effect of red and far-red radiation have 
been found. 

Amaranthus retroflecus seeds germinate to the 
extent of about 50 per cent in darkness at 37°C. 
within 48 hr. with no subsequent germinations. But a 
single illumination of 1,000 ft.-candles for 2 sec., 
given at any time after 48 hr., causes 100 per cent 
germination within 24 hr. of illumination. The 
ability of the seeds to respond to such a short light 
stimulus is not diminished by several months of 
imbibition. If, instead of darkness, the seeds were 
kept for the first two days in continuous high- 
intensity far-red radiation, they did not respond even 
to a much stronger light stimulus. The ability of 
these seeds to react to a short irradiation was regained 
if they were placed for a certain period in darkness 
(Fig. 1, curve a). If, however, after being in the 
dark, the seeds were illuminated again with con- 
tinuous far-red radiation, the ability to respond to 
short illumination diminished again (Fig. 1, curve 6). 
This could be repeated several times. (For technical 
reasons very short illuminations (up to 60 sec.) were 
given with white instead of red light. But each kind 
of experiment was repeated at least once with pure 
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(a) The seeds were mp od in 

two days and then removed to darkness. After various intervals, 
which are given on the abscissa, three dishes containing 100 seeds 
each received an illumination of 3 sec. at 1,000 ft.-candles of 
white light. Germination was counted after a further 24 hr. 

in darkness 

(b) The seeds were kept in continuous darkness for the first two 
days and then removed to continuous far-red light. After various 
intervals in far-red light, the dishes were illuminated as above 
and removed to darkness for a further 24 hr. The far-red light 
was filtered out of a source giving an intensity of 1,000 ft.-candles 
\ at the level of the seeds 


red light, to ascertain that the effect of the short 
illumination was really that of its red component.) 

In contrast to the usual reversible red — far-red 
effect?, red in this case is not effective immediately 
after continuous high-intensity far-red. Some sort 
of prolonged dark reaction is needed to restore the 
response of the seeds to red light. Thus, the effect 
of prolonged high-intensity light on plant develop- 
ment is not due only to photosynthesis, as was 
supposed by Liverman® and others, but has been 
shown to be directly involved in the red — far-red 
reaction. This may also explain why Stolwijk and 
Zeevaart could not demonstrate an inhibitory effect 
of red light on the flowering of Hyoscyamus niger 
when the red light was used after prolonged infra-red 
irradiation. 

The reversal of the effect of red light by far-red 
illumination was less effective if the latter was given 
immediately after the red than if a short interval 
of one or two minutes was allowed between them 
(Fig. 2, curve a). This indicates the existence of a 
dark reaction during the interval. The effect of 
temperature on this red — dark — far-red reaction was 
investigated. First it was ascertained that placing 
the seeds for 5 min. on ice did not affect dark germ- 
ination, nor the sensitivity of the seeds to red light. 
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Fig. 2. Effect of temperature and time-interval between applica- 

tion of red and infra-red illuminations. (a) During the interval 

between illuminations the seeds were kept at 37°C. (6) a 

the interval between illuminations the seeds were kept on crush 
ice. (c) Seeds receiving no far-red illumination 
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The illuminations used were 2 sec. of white light of 
1,000 ft.-candles and then, after various intervals, 30 
sec. of far-red light filtered out of the same source. 
The dishes with the seeds were kept for 48 hr. in 
the dark at 37°C. The seedlings were removed in 
blue light and the remaining non-germinated seeds 
were divided into two lots, one of which was placed 
on crushed ice for the period of five minutes. Illum- 
inations, as described above, were applied during the 
5 min. in such a way that the far-red was given 
just before the end of this period. The control lot was 
illuminated in the same manner but at 37°C. The 
results of these experiments are summarized in 
Fig. 2. It is evident from these results that low 
temperature further delayed the maximum effective- 
ness of far-red irradiation in reducing germination. 
The results, therefore, confirm the existence of a dark 
reaction sensitive to temperature in addition to the 
photochemical one. This is in contrast to the findings 
of Borthwick et al.2, who could not demonstrate any 
temperature effect on the reversible red — far-red 
reaction when the seeds were illuminated at low 
temperature. 

From the curve for the control seeds (Fig. 2, 
curve @) it is also evident that on further prolongation 
of the dark period, a point is reached when far-red 
light is completely ineffective in reversing the effect 
of red light?»4. 

A further effect of red and far-red radiation was 
found when the seeds were germinated at 26° instead 
of at 37°C. The seeds received short illuminations 
of 1,000 ft.-candles of white light for 1 min. once 
every day on the first, second and fourth days. 
Control lots received a single illumination only on 
one of these days (Table 1). From Table 1 it is 
evident that at 26° the sensitivity of the seeds to 
short illuminations is only developed fully by the 
fourth day. Illumination given prior to that day 
diminishes the effect of a subsequent illumination. 
Further experiments showed that this inhibition by 
a ‘premature’ illumination was caused by the red 
component of the light used. It is suggested that the 
effect of the ‘premature’ illumination may be 
analogous with the short interruption of darkness in 
long-day plants. A further study of this problem is 
in progress. 


Table 1. GERMINATION OF Amaranthus retroflerus SEEDS AT 26° C. 
Treatment Percentage of germination 
No illumination 20 + 2° 
[lluminated 60 sec. with 1,000 f*.-candles 
on 

Ist day 2142 

2nd day only 563 +8 

ist and 2nd days 39 +2 

4th day only +4 

lst, 2nd and 4th days 69 +1 

2nd and 4th days 68 +1 


* + maximal range 


This investigation has been carried out under the 
guidance of Prof. M. Evenari, and I thank him for 
his interest and help during the course of this work. 
This communication is based on a Ph.D. thesis to 
be submitted to the Hebrew University, Jerusalem ; 
and a detailed report of the investigations will be 
published elsewhere. 

AvisHaG KapMAN-ZAHAVI 
Department of Botany, Hebrew University, 
Jerusalem. May 9. 
‘ Kadman-Zahavi, A., Bull. Res. Counc. of Israel, 4, No. 4 (1955). 
* Borthwick, H. A., Hendricks, 8. B.. Parker, M. W., Toole, E. M., 
and Toole, V., Bot. Gaz., 115, 205 (1954). 
’ Liverman, J. L., “Ann. Rev. Plant Physiol.”, 6 (1955). 
‘ Evenari, M., Neuman, G., and Stein, G., Nature, 172, 452 (1953). 
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A Quantitative Comparison of 
Sulphydryl Content and Formazan in the 
Tissues of the Pea Radicle 


SEvEeRAL workers have discussed the tetrazolium 
indicators as possible histochemical reagents for 
SH-groups!-*. Experiments by Roberts and Lucchese* 
indicated a positive correlation between the histo- 
chemical localization of protein-bound SH-groups 
and triphenyl tetrazolium chloride reduction. 

Experiments were conducted to determine the 
possible quantitative relationship between in vivo 
SH and formazan in segments of the radicle of 
Pisum sativum L. (var. Express). 5-mm. segments 
were excised from seedlings of various age-groups at 
the same stage of tissue differentiation, as reported 
by Féjer*. Quantitative determinations were con- 
ducted on the SH-content of the samples by the 
amperometric titration method’. Quantitative de- 
terminations of reduction of tetrazolium by the 
tissues were carried out following incubation of 
the samples for 20 hr. in a medium consisting of 
Sérenson’s phosphate buffer (pH 7-4) at a final 
concentration of 10-1 M, tetrazolium at a final 
concentration of 10-?M, and sodium succinate 
neutralized with sodium bicarbonate (pH 7-4) at a final 
concentration of 10-?M. On the basis of the ex- 
perimental values of SH-content, the equivalent 
amount of intracellular formazan was determined 
by calculation. The results are given in Table 1. 
All values are expressed in 10-* mgm./100 mgm. 
fresh weight of sample. The experimental results 
revealed that radicle segments from older plants 
contained a higher concentration of total SH than 
young plants at the same stage of tissue differentia- 
tion. On the other hand, experimentally determined 
formazan values were higher in the segments of 
radicles of young plants and decreased sharply in 
seedlings from two to six days old. 


Table 1. COMPARISON OF SH CONTENT AND EXPERIMENTAL AND 
CALCULATED VALUES OF FORMA/‘AN CONTENT OF PEA RADICLE 


TISSUES* 

ae ig ethos << Z 
| Age of plant | Total SH | Total | Formazan calculated | 
(days) | formazan | from SH content | 

2 22 | 354 j lil 
4 | 40 | 162 202 

6 | 75 | 62 379 

8 | 95 j 58 481 


* All values are expressed in 10-* mgm./100 mgm. fresh weight of 
sample. 





Although previous workers have indicated the 
possibility of using tetrazolium indicators as histo- 
chemical reagents for SH-groups, the present experi- 
ment did not reveal a positive correlation between 
total SH and formazan content in segments of pea 
radicles. On the contrary, SH and formazan values 
were inversely proportional in all determinations. 
Since determinations on segments excised from 
young plants revealed considerably more formazan 
than SH, it is unlikely that SH-groups played a part 
as a substrate in the reaction. These groups are 
probably present as protein-bound SH-groups of the 
apoenzyme. It can be demonstrated that the endo- 
genous substrate is exhausted after approximately 
6 hr. incubation and reduction of tetrazolium 
ceases. However, reduction of the indicator 
will be resumed on the addition of succinic acid 
as a substrate. Sulphydryl groups are effective in 
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reducing tetrazolium only at pH values*-* in excess 
of 10-0. Findlay* reported a 100 per cent efficiency 
in the in vitro reduction of neotetrazolium at pH 12-6. 
All the present results were obtained from incubation 
media buffered at pH 7-4. The SH concentrations 
employed by Roberts* in determinations of in vitro 
reduction of tetrazolium by SH-groups were con- 
siderably in excess of physiological concentrations 
encountered in cells. 

It is interesting to note that segments of radicles 
of the same state of differentiation exhibited con- 
siderable difference in SH and formazan values from 
plants of different age-groups. Similar differences 
have been reported in determinations of free amino- 
acids, isoelectric point®, and certain sulphur-contain- 
ing compounds® in segments of radicles from plants 
of different age-groups. These results have been 
observed in other members of the Leguminosae and 
appear to be specific for this family'®. Therefore, 
it is important to point out that the reverse trend 
of SH and formazan is a special case; in certain 
other plant families a closer correlation between these 
values will be observed. The Leguminosae family 
was chosen to illustrate that the histochemical 
pattern does not result from a direct reaction be- 
tween SH and tetrazolium, but to direct attention to 
the importance of SH in the enzymes involved. 

Acknowledgment is made to Mrs. Olga Féjer for 
SH determinations. 

B. JAMBOR 
M. Drvay 


Institute of Plant Physiology, 

L. Eétvos University, 

Budapest. 
L. W. Roserts 
Department of Botany, 
University of Idaho, 
Moscow, Idaho. 

May 10. 
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Vesicular-Arbuscular Mycorrhizas 
in Apple Seedlings 


Mosse has described the formation of vesicular- 
arbuscular mycorrhizas in apple seedlings grown in 
sterilized soil to which sporocarps of a species of 
Endogone were added‘. She states that“ no attempt 
was made to sterilize the sporocarps since their loose 
structure makes this impossible”. Thus the identity 
of the endophytic mycelium in the apple roots with 
that of Hndogone could not be proved. 

We have been able to show that a similar vesicular- 
arbuscular endophyte in roots of Allium ursinum 
and other plants (including Fragaria vesca) is a 
species of Pythium*, closely resembling P. ultimum. 
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Fig. 1. Hyphw of Pythium ultimum (isolate from Allium ursinum) 


in roots of inoculated —_ seedlings (8 weeks old). Note 

irregular, intercellular hyphx, bearing vesicles, and intracellular, 

occasionally septate, Say, Soe do not develop until 
er 


Inoculation experiments and the use of Harrison’s* 
direct-observation method of isolation of the endo- 
phyte leave no reasonable doubt that the Pythium 
isolate is able to produce a vesicular-arbuscular 
mycorrhiza in association with the roots of a number 
of unrelated plants. Since Mosse‘ considered that 
similar endophytic mycelia in roots of strawberry 
and apple were attributable to an unidentified species 
of Endogone, we investigated the effect on apple of 
isolates of Pythium, including that from A. ursinum 
and one of P. ultimum from lettuce. Surface-sterilized 
apple pips were sown in steam-sterilized soil (John 
Innes No. 1 potting soil) inoculated with sand and 
oatmeal cultures of the Pythium isolates. The pots 
were stood in sterilized dishes in a temperate 
greenhouse. The soil was covered with a }-in. layer 
of sterilized sand, and the pots were watered with 
sterile water. Uninoculated controls remained free 
from infection throughout the experiment. During 
the early stages of germination a few seedlings, 
inoculated with the lettuce isolate of P. ultimum, 
damped-off but the rest survived. Four weeks after 
germination of the seedlings the fungus became 
established as an intercellular mycelium with a few 
intracellular branches. Three-month-old seedlings 
had reached the stage shown in Fig. 1. Ovoid or 
globose vesicles were formed both outside and inside 
the roots. Branched, irregularly crenate, sometimes 
septate, hyphz were widespread in the cortex. 
The endophyte was strikingly similar to that 
figured by Mosse. Pythium was re-isolated from 
these seedlings by Harrison’s direct observation 
technique. 

Infected seedlings were noticeably taller and 
sturdier than the uninfected controls, as was noted 
by Mosse in her experiments. 

The close similarity between the effects produced 
by inoculation of apple seedlings with Pythium 
ultimum in our experiments and those associated with 
the presence of Hndogone in Mosse’s work is very 
striking. Either both these unrelated fungi assume 
the same form on entry into apple roots, or Pythium 
was present in or on the unsterilized sporocarps of 
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Endogone used by Mosse. Further work on these 

Pythium isolates is in progress in this laboratory. 
Litnian E. HAWKER 
AncELA M. Ham 


No. 4593 


Department of Botany, 
University of Bristol. 


1 Mosse, B., Nature, 179, 922 (1957). 

? Hawker, L. E., Harrison, R. W., Nicholls, V. O., and Ham, A. M., 
Trans. Brit. Mycol. Soc., 40, 375 (1957). 

° Harrison, R. W., Nature, 175, 432 (1955). 

‘ Mosse, B., Ann. Bot., N.S., 20, 349 (1956). 


Transmission of Trophic Stimuli along 
Developing Nerve Fibres 


In the development of the nervous system of the 
vertebrate embryo, the spinal nerves grow outwards 
to the developing limb-buds. Once within the limb 
rudiment, nerve fibres apparently convey some 
trophic stimulus to their cell bodies, at the levels 
of the brachial and lumbar plexuses. This influence 
can be demonstrated by removal of a limb on one 
side of an embryo, when both the sensory neurones 
of the dorsal root ganglia! and the motor neurones 
of the ventral horns within the cord? have been 
shown to be fewer in number on the operated side. 

Recent experiments by us on the toad Xenopus 
laevis show something of the means by which this 
influence is exerted. We have interfered with its 
normal operation at lumbar levels in the following 
Ways: 

(1) Removal of the hind limb-bud, followed by 
measures to check any subsequent regeneration, for 
example, by grafting head skin over the limb area. 

(2) Insertion of a barrier between the outgrowing 
spinal nerves and the limb-bud. Into a horizontal cut 
through the larva below the notochord a thin lamina 
of mica was inserted, over the surface of which 
ectoderm regenerated. After a few days the mica 
was removed; @ permanent cleft then remained. 
The lumbar nerves can then only reach the limb by 
@ tortuous path around the borders of the cleft. The 
obstacle is not always overcome, and in such instances 
the limb develops without innervation. 

(3) Treatment of the limb area with the nitrogen- 
mustard methyl-bis (beta chlorethyl) amine hydro- 
chloride. One of us* has already shown that local 
application of this substance at 1 : 500. dilution will 
suppress the development of the 
hind-limbs. We have now shown 
that the effect of the treatment 
extends beyond the limbs to the 
dorsal root ganglia of the lumbar 
region, where their cell bodies may 
undergo degeneration. The corre- 
sponding ventral roots remain un- 
affected (Figs. 2 and 3). 

The particular effects of these ex- 
periments on the ventral horn call for 
notice. This centre normally develops 
in two stages. First, groups of neuro- 
blasts are formed at the ventro- 
lateral margin of the grey matter of 
the cord in the lumbar region. Later, 
& compact group of these cells differ- 
entiates into bipolar neurones (Fig. 1). it 
The nucleus and nucleolus then en- 
large, and Nissl substance is laid down 
within the cytoplasm. 
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The ventral horn will develop as far as the neuro- 
blast stage in the absence of limbs and of dorsal 
root ganglia. The further stage of differentiated 
neurones is only attained, however, if a nerve has 
reached the limb, and also provided that sufficient 
cells of the lumbar dorsal root ganglia still remain. 
These facts, which follow from the results of experi- 
ments in groups (2) and (3), suggest that: (¢) some 
stimulus which originates in the limb is necessary 
for the differentiation of neurones in the ventral 
horn ; (6) this stimulus is transmitted along fibres of 
the dorsal root ganglia. 

In larve in which a limb was removed at an early 
stage, a small bud usually regenerates. Four weeks 
after the operation, the dorsal root ganglia on the 
operated side contain about half their normal number 
of cells. Yet within the cord there is here little differ- 
ence between the ventral horns on the two sides. 
It thus seems that the stimulating effect of the limb 
is of the nature of an induction, and one in which the 
final result is largely independent of the magnitude 
of the original stimulus. 

Not only does the normal formative stimulus from 
the limb travel to the cord along afferent fibres, but 
also the degenerative effect after treatment of the 
limb-area with nitrogen-mustard is propagated along 
the same channels and in the same direction. In 
both instances the action appears to be independent 
of the ventral root fibres. It seems, however, that 
the latter can transmit formative stimuli of another 
kind in an efferent direction. This evidence comes 
from the development of the jaw musculature in 
larval Xenopust. By the use of an azo dye-coupling 
reaction, it has been shown that groups of neurones 
within the hind brain show a positive reaction for 
cholinesterase a day before their axons finally reach 
the fibres of the developing jaw muscles, when the 
enzyme first appears at neuro-muscular junctions. 
Preparations from larve at this stage show how the 
distribution of the enzyme follows the course of the 
nerve fibre. This sequence is most easily explained 
by assuming the transmission of a substance, possibly 
the enzyme itself, or an immediate precursor, along 
the developing axon. 

The brilliant experiments of Levi-Montalcini® and 
her collaborators have shown that chemical sub- 
stances, apparently proteins, can stimulate the 
development of fibres from dorsal root and sym- 
pathetic ganglia of the chick, both in the intact 





Figs. 1-8 show transverse sections through part of the spinal cord of tadpoles of 
Xenopus laevis 


(1) Normal larva, 35 mm., through level of o, sm spinal ganglion, showing 


ventralhorn. x 


Larva, 84 mm. long, 29 days after treatment of limb-area with 1: 500 
m-mustard. The ninth spinal ventral root is shown; the corresponding 
root ganglion has been destroyed. No ventral horn has developed. x 85 

(3) Larva, 46 mm, long, 44 days after treatment of limb-area with 1: 500 

nitrogen-mustard. The much-reduced tenth spinal —— is shown; again 


no ventral horn has developed. x 8 
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embryo and in tissue culture. Some years ago, one 
of us’ demonstrated that in cultures of spinal ganglia 
of the chick, vacuoles taken in at the nerve tip 
rapidly travel along the fibre towards the cell-body, 
although in cultures of the spinal cord itself move- 
ment along the axons in the zone of outgrowth is 
irregular and without a general trend. 

It is likely that trophic stimuli are transmitted 
within the developing nervous system by the passage 
of substances along the growing nerve fibres. The 
present evidence suggests that in some instances they 
travel in the same direction as that in which the 
nerve impulse will be conveyed in functional life. 


ArTHUR HUGHES 
PrerrE ANDRE TsSCHUMI 
Anatomy School, 
Cambridge. 
July 9. 
* Piatt, J., Biol. Rev., 28, 1 (1948). 
* Hamburger, V., and Keefe, E. L., J. Exp. Zool., 96, 223 (1944). 
* Tschumi, P. A., Rev. Suisse Zool., 61, 177 (1954). 
* Lewis, P., and Hughes, A., in ‘“‘“Metabolism of the Nervous System’”’ 
(Pergamon Press, London, in the press). 
* Levi-Montalcini, R., Ann. N.Y. Acad. Sci., 55, 330 (1952). 
* Levi-Montalcini, R., and Cohen, 8., Proc. U.S. Nat. Acad. Sci., 42 
695 (1956). 
? Hughes, A., J. Anat. Lond., 87, 150 (1953). 


Development of Isolated Female Larve 
of the Potato-Root Eelworm (Heterodera 
rostochiensis Woll.) 


TyteR', following the observations of Byars? and 
Gabriel’, conducted an experiment to determine 
whether the root-knot nematode, Heterodera marioni 
(Cornu) (now Meloidogyne sp.), could reproduce in the 
absence of males. Lines were maintained from isolated 
females through as many as twelve generations. 
Since Heterodera and Meloidogyne are closely related 
genera of the subfamily Heteroderinae, the possibility 
of such reproduction (parthenogenesis or syngonism) 
occurring in the potato-root eelworm, Heterodera 
rostochiensis Woll., was investigated. 

Small tubers of Majestic potato were surface- 
sterilized and all ‘eyes’ removed. They were then 
cut into halves and a single larva of the potato-root 
eelworm was placed on each freshly cut surface. 
Each half-tuber was then buried in moist, autoclaved 
sand, one piece in each of a hundred 24-in. pots, 
each covered with a glass lid and the sand kept moist 
by watering with a 20 p.p.m. copper sulphate solution. 
As controls, twelve similar tuber slices were prepared 
and about 2,000 larve added to each. The pots were 
kept at laboratory temperature (20—22° C.). 

After four weeks the tubers were removed, washed 
free of adhering sand and examined for cysts. Further 
weekly examinations were made until the sixth week 
when, on two tuber slices, single developing females 
were seen. The control slices by this time bore 
numerous cysts, many in the yellow stage of develop- 
ment, and containing embryonating eggs. The single 
isolated cysts were maintained on the tuber slices 
until the tenth week, at which time they were still 
white, although a slight browning was detectable. 
They did not pass through the distinctive yellow 
stage. No eggs were found when the cysts were 
openel. ‘Giant cells’ were present in the tuber tissue 
associated with developing cysts. 

These results are in agreement with those reported 
by Fassuliotist and Ellenby*, who found no em- 


NATURE 


November 9, 1957 


VoL. 180 





Fig. 1 


bryonated eggs in cysts developing on the roots of 
separate tomato plants and potato plants respectively 
to which a single larva had been added. They suggest 
that parthenogenesis does not occur. 

One of the isolated females showed a gelatinous 
extrusion reminiscent of the egg sac found in other 
Heterodera spp., but not hitherto described in H. 
rostochiensis (Fig. 1). 

This work is part of an investigation financed by 
the Agricultural! Research Council. Thanks are due 
to Mr. 8. G. Revell for the photograph of the cyst 
with the gelatinous extrusion. 


T. D. WiciramMs 


School of Agriculture, 
University of Cambridge. 


June 8. 
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Effect of Leaf Rust on Cereal Forage 


Few investigators have examined the effect of leaf 
rust on yield, chemical composition and _ nutritive 
value of cereal forage. This situation is unexpected 
in view of the large acreage of cereals devoted to 
sheep and cattle grazing in many countries. However, 
the reviews of Allen! and of Chester? indicate that 
invasion of a susceptible host by an obligate parasite 
such as leaf rust is accompanied by physiological 
disturbances mediated by chemical change. Murphy* 
found that leaf rust infection of oats, harvested at 
the boot stage, reduced the yield of forage, altered 
the chemical composition and delayed maturity 
except where water-stress occurred. Murphy's 
observations may apply only to cereal forage at the 
boot stage of maturity and not necessarily to the 
much earlier stage of maturity at which cereal forages 
are grazed in New Zealand and elsewhere. Yerwood* 
observed increased invasion of rust-infected tissue 
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Table 1. YIELDS AND PERCENTAGES OF DRY MATTER OF LEAVES 
AND STEMS ; 





Dun oats C. R. D. ryecorn 





Yield (gm.) | Per cent | Yield (gm.) | Per cent 


12:2 19-2 19-1 
12-0 14-8** 20:2 





| Rust-free 16-0 
Rust-infected 11-3** 








a | 








Table 2. CHEMICAL COMPOSITION: HENNEBERG ANALYSES 



































| Dun oats oe | C.R.D. ryecorn 
Rust- Rust- | Rust- Rust- 
free infected free infected 
| Crude protein 18-27 21-73%* 14-1 | 15-1** 
Ether extract 5°57 5-84 3-7 3-7 
| Crude fibre 24-26 21-41** 21-9 21-8 
| Nitrogen-free ex. 40-76 38 -67* 52-4 50-0* 
Ash 11°14 12-35** | 7:9 9-4* 





* Significant at the 5 per cent probability level 
** Significant at the 1 per cent probability level © 


by fungi, viruses and insects, and measured improved 
growth-rate of slugs and rats eating rust-infected 
bean leaves. However, digestion of monogastric 
animals differs from that of ruminants in several 
ways, so that Yarwood’s observations have limited 
application to sheep. 

Pot experiments were consequently carried out to 
elucidate some aspects of the leaf rust/cereal forage/ 
ruminant complex. The summarized results are 
presented in Table 1, which clearly shows the marked 
reduction in yield of forage caused by leaf rust. Also a 
reduction in palatability of rust-infected forage was 
observed in field experiments. The percentage of dry 
matter in the cereal forage was usually, but not al- 
ways, increased by rust infection. Henneberg analyses 
(Table 2) showed that the crude protein and ash 
content of rust-infected cereal forage was increased, 
whereas that of nitrogen-free extract and crude fibre 
was decreased. Furthermore, changes in chemical 
composition, normal to increasing age or changing 
season, occurred; but there was a marked lag in 
chemical change of the rust-infected forage, indicating 
a real delay in maturity due to rust. Consequently, 
the hypothesis that leaf rust affects chemical com- 
position mainly by reducing the physiological age is 
proposed. 

The most plausible interpretation is that the altered 
content of crude protein and crude fibre of rust- 
infected forage represents improvement of the digest- 
ibility and nutritive value. This is at least true for 
guinea pigs, as was shown by Hall*, who used rust- 
infected and rust-free Dun oat forage grown by me. 
The guinea pigs eating rusted forage grew heavier per 
unit of time and unit of feed than did those eating 
rust-free forage. Also there were no short-term toxic 
effects. This was unexpected as the almost unanimous 
opinion of farmers, from frequent observation, is that 
sheep grazing severely rusted cereal or pasture forage, 
scour, fail to thrive and sometimes die. 

There is clearly very good agreement between 
experimental results and farmers’ observations that 
rust reduces yield of forage and palatability, but 
marked disagreement on the effect of the chem- 
ical change on ruminant thrift. The evidence from 
field observation is so strong that it cannot be lightly 
dismissed. Factors not yet considered in experi- 
ments so far carried out are doubtless involved. The 
reconciliation of field-observations and experimental 
results may follow from experiments measuring, for 
example, the daily intake of rusted forage, ruminant 
alergy to rust spores or the effect of changed chemical 
composition on protein or mineral imbalance. 
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A fuller report of this series of experiments will 
shortly be published in the Journal of Agricultural 
Science. 

A. F. GREENALL 
Crop Research Division, 
Department of Scientific and Industrial Research, 
Lincoln, New Zealand. May 14. 
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Toxicity of Lithium Salts to Keratin- 
digesting Insect Larve 

THE inorganic salts reported to be the most toxic 
to clothes-moth and carpet-beetle larve are the 
fluorides', and these have been used on an appreciable 
scale in the moth-proofing of wool. 

Waterhouse? has shown that cations which form 
insoluble sulphides are detoxified by clothes-moth 
larve by conversion to the sulphides, which are 
excreted or deposited in the gut wall. Consequently, 
metals which form soluble sulphides, and which are 
not normal tissue constituents (such as lithium), 
may be toxic. Further, since the gut of the clothes- 
moth is at about pH 10, metals forming unstable 
sulphides which decompose into soluble hydroxides 
(for example, barium, strontium) could also be toxic. 
Metals, the sulphides of which decompose into insoluble 
hydroxides (for example, aluminium, chromium), 
could be excreted in this form. 

We have confirmed the toxicity of salts of barium 
(chloride) and strontium (chloride, nitrate)* to moth 
larve, and find also that lithium salts (sulphate, 
chloride, hydroxide, citrate) are poisonous. Fully 
active 21-day old clothes-moth larve (Tineola 
bisselliella Humm.) all died in 6-7 days when allowed 
to feed on fabrics containing 0-2 gm.-ion of lithium, 
strontium or barium per 10¢ gm. wool (0-1—-0-5 per 
cent by weight of their salts). The weight of wool 
eaten per larva was 0-2-0-4 mgm., compared with 
about 2 mgm. of untreated wool consumed by 4 
larva of the same age in 7 days. 

Salts of lithium, strontium and barium also protect 
wool from carpet-beetle larve (Anthrenus flavipes Le 
Conte), although their mechanism of metal detoxifica- 
tion differs from that of moth larve‘. 

Moth larve fed on wool containing 1 gm.-ion per 
104 gm. wool of iron (ferrous sulphate), mercury 
(mercuric acetate), antimony (potassium antimony 
tartrate), silver (nitrate), cadmium (acetate), lead 
(acetate), copper (sulphate), nickel (sulphate) or 
cobalt (chloride), which form insoluble sulphides, 
showed 70-90 per cent mortality in 14 days. How- 
ever, serious damage was done during this period 
in which the larve could satisfactorily detoxify 
the metals. At a concentration of 1-5 gm.-ion per 
10‘ gm. wool, mercury, silver and antimony, but 
not the other metals in this group, are sufficiently 
toxic to prevent visible damage to the wool. 

Salts of aluminium (potassium aluminium sulphate), 
trivalent chromium (sulphate), magnesium (sulphate) 
or calcium (lactate, chloride) at a concentration of 
1 gm.-ion per 10* gm. wool have no effect on the 
normal development of the larve. Aluminium and 
chromium hydroxides are probably precipitated in 
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the gut and excreted, excess magnesium possibly 
being removed in the same way. Sodium (chloride, 
sulphate) and potassium (chloride, sulphate, tartrate) 
also have no effect at concentrations up to 5 gm.-ion/ 
10* gm. wool. 

Bromides and iodides of sodium and potassium 
are toxic to moth larve at a concentration of 
2 gm.-ion/10* gm. wool, but not at 1-5 gm.-ion/10* gm. 
wool. The bromides and iodides of lithium, strontium 
or barium are more toxic at the same molar con- 
centrations than the corresponding sulphates, chlor- 
ides or acetates. Also, cadmium, magnesium or 
aluminium, which have little or no effect when incor- 
porated in the diet of moth larve as sulphates or 
acetates at a concentration of 0-5 gm.-ion/10* gm. 
wool, are toxic at this concentration when combined 
with bromine or iodine. The latter are then at a 
concentration of 1-0—1-5 gm.-ion/10* gm. wool, a level 
which is non-toxic when these anions are combined 
with sodium or potassium. 

I wish to thank Dr. M. Lipson and Mr. W. G. 
Crewther for their helpful criticisms and Mr. T. Bath 
for skilled technical assistance. 

J. R. MoPHEE 
Wool Textile Research Laboratory, 

Commonwealth Scientific and 

Industrial Research Organization, 
Geelong, Australia. June 3. 


} Hartley, R. S., Elsworth, F. F., and Barritt, J., J. Soc. Dyers and 
Color., 59, 266 (1943). 

® Waterhouse, D. F., Austral. J. Sci. Res., B, Biol. Sci., 5, 143 (1952). 

* Lommel, W., and Miinzel, H., German Patent 515,956. 

* Waterhouse, D. F., Austral. J. Sci. Res., B, Biol. Sci., 5, 444 (1952). 


A Method of marking Calliphoridae 
(Diptera) during Emergence from the 
Puparium 

THE practice of marking and releasing insects for 
subsequent capture has been widely adopted in 
ecological investigations. Studies on the Calliphoridae 
have been prominent in this field, the various workers 
adopting a wide range of marking techniques. How- 
ever, if liberated adult specimens are intended to 
simulate naturally emerging insects added to the 
wild population, it is desirable to avoid the prelimin- 
ary period of cage-life which most marking methods 
involve. The incorporation of radiotracers in the 
larval medium! is one method by which pre-release 
handling of adults can be avoided. A second method 
has been employed in studies on the Australian 
sheep blowfly, Lucilia cuprina (Wied.). This involves 
the emergence of the flies from puparia covered by 
an inch of fine, dry sand intimately mixed with 
0-5 per cent of a fluorescent dust. Flies which have 
emerged from such a preparation may readily be 
identified under ultra-violet light because they retain 
@ quantity of the fluorescent dust on the ptilinal 
suture and frontalia. These areas of the head are 
beset with minute scales* which become closely 
crowded after the ptilinum is retracted, and hold 
the dust particles between them. The puckering of 
the frontalia on hardening probably also assists the 
retention of dust. 

Provision should be made for the ready exit of 
emerging adult flies from the culture vessels, as the 
film of dust on the pulvilli temporarily reduces their 
ability to climb on smooth surfaces. Surplus dust 
largely disappears from the bodies of the flies in the 
first day or so after emergence ; but if any is trans- 
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ferred to ‘wild’ flies in traps, these accidentally 
marked specimens may be separated readily from 
liberated flies by their lack of the characteristic vivid 
frontal pattern. Many marked flies may be detected 
during exposure of entire catches to ultra-violet 
light ; but critical examination requires that the 
flies be faced towards the source of the radiation. 

Only three of many fluorescent dusts tested have 
proved entirely satisfactory (“Lumogen’ L Yellow 
Orange, ‘Lumogen’ L Light Yellow and ‘Lumogen’ L 
White ; Badische Anilin und Sodafabrik A.G., 
Ludwigshafen A/RH, Germany). These dusts have 
irregular particles, mostly less than 2p in diameter. 
They also have cohesive qualities, which make them 
ball and cake, instead of pouring. On the other hand, 
most of the unsatisfactory dusts tested poured freely 
like dry sand, and had rounded particles predom- 
inantly larger than 8y in diameter. The size and 
smoothness of such particles doubtless prevent their 
entanglement in the scales of the ptilinal suture and 
frontalia. Particle size, however, is not the only 
criterion of suitability for marking, as some extremely 
finely subdivided dusts were not retained on the heads 
of flies for significant periods. 

Cage tests have shown repeatedly that marked 
specimens are comparable in longevity, fertility and 
behaviour with untreated controls. High recoveries 
have been made in trapping experiments. One 
marked female was recaptured four weeks after 
field emergence, and a marked male six weeks after 
field emergence. There is thus no question as to the 
ability of marked flies to survive in the wild state, 
nor the persistency of the marking under field 
conditions. 

The marking technique has also been used success- 
fully by colleagues requiring to separate L. cuprina 
individuals of different strains, or treatment groups 
in cage experiments. 

Limited tests have been made on other species of 
flies. Calliphora augur (F.), C. stygia (F.) and Chryso- 
mya rufifacies (Macq.) were all marked satisfactorily. 
Undoubtedly the method will prove applicable to 
other species of Calliphoridae. 


VOL. 180 


K. R. Norris 
Division of Entomology, 
Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. June 21. 


1 Hoffman, R. A., Lindquist, A. W., and Butts, J. 8., J. Econ. Ent., 
44, 471 (1951). 
* Strickland, E. H., Canad. J. Zool., 31, 263 (1953). 


Interspecific Competition 


In a recent article about interspecific competition, 
Williamson! quotes a definition of this process by 
Elton and Miller? and adds that “‘it is difficult to 
distinguish between some cases that they would call 
competition and, say, predation”. But in our 
paper it is made clear that the term ‘“‘competition” 
was being used only in respect of members of the 
same species, or between species of the same con- 
sumer layer, that is, it excludes such biotic relation- 
ships as predator-prey and parasite—host. 

CHARLES ELTON 

Bureau of Animal Population, 

Botanic Garden, 
High Street, Oxford. 
Williamson, M. H., Nature, 180, 422 (1957). 
* Elton, C. S., and Miller, R. 8., J. Ecol., 42, £60 (1954). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public *) 


Monday, November I! 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
ScIENCE GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Prof. 8. Toulmin : 

“Newton on Space, Time and Motion—a Reassessment”. 


Royal INSTITUTION, LIBRARY -—~- (at 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Mr. E. Ironmonger: “The Royal 
Institution and the Teaching of Bolenos. in the 19th Century”. 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Dr. H. W. Melville, F.R.S.: ‘The Changing Functions 
of D.S.1.R.”* 

UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. D. Lewis : 

“The Experimental Approach to Life’* (Inaugural Lecture). 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the WOOLWICH POLYTECHNIC SCIENTIFIC SociETy, at the Wool- 
wich Polytechnic, London, 8.E.18), at 7.30 p.m.—Dr. G. G. Freeman : 

“Silicones”. 


ROYAL GEOGRAPHICAL SocrETY (at 1 Kensington Gore, London, 
S.W.7), at 8.30 p.m.—Mr. Glyn Daniel: “‘Megaliths of France”. 


Tuesday, November 12 


INSTITUTE OF PHYSICS, ELECTRONICS GROUP (at 47 Belgrave Square 
London, 8.W.1), at 5.30 p.m.—Mr, W. E. Willshaw: ‘Crossed Fiel 
Interaction in Microwave Valves”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
S.W.1), at 5.30 p.m.—Mr. Jacques Heyman: “Plastic Design of 
Pitched Roof Portal Frames”. 


UNIVERSITY OF LONDON (at the Royal College of Science, South 
Kensington, London, 8.W.7), at 5.30 p.m.—Prof. P. V. Danckwerts : 
“Chemical Engineering in a University” (Inaugural Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
Mr. J. D. Navey: ‘‘Manufacture of Electric Cables”. 


ROYAL SOCIETY OF MEDICINE, PSYCHIATRY SECTION (at 1 Wimpole 
Street, London, W.1), at 8 p.m.—Discussion on ‘Physiological 
Measurements of ‘Emotional Tension’’’. Opening Speakers: Dr. 
Brian Ackner, Dr. Giuseppe Pampiglione and Dr. Peter Sainsbury. 


Wednesday, November 13 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W.12), at 2 p.m.—Dr. E. Lester 
Smith: “Biochemistry of Vitamin B,,”’.* 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELEOCOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Mr. J. M. C. Dukes: “‘Broad-Band Slot-Coupled Microstrip Directional 
Couplers”; ‘““The Application of Printed-Circuit Techniques to the 
Design of Microwave Components”; and “‘Re-Entrant Transmission 
Line Filter using Printed Conductors”. 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at 1 
Birdcage Ww alk, Westminster, London, $.W.1) ), at 6.45 an m.—Dis- 
cussion on “Steam Conditions in Relation to the Size of Units”. 


LonpDOoN County CounciL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 7.45 p.m,—Concert of Nigerian 
Talking-Drums, Songs and Dances.* 


Wednesday, November 13—Friday, November 15 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
S.W.1)—Conference on ““‘The Highway Needs of Great Britain”. 


Thursday, November 14 


RoyaL Sooty (at Burlington House, Piccadilly, London, W.1), 
at 10.30 a.m.—Discussion on “The Physics of Water and Ice” opened 
by Prof. J. D. Bernal, F.R.S. 


EAST MALLING RESEARCH STATION (at Withersdane, Wye College, 
near Ashford, Kent), at 4 p.m.—Mr. F. C. Bawden, F.R.S.: “Viruses 
and Virus Diseases” (Amos Memorial Lecture).* ‘ 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. L. Abram, Mr. 
J. B. MeBreen and Mr. J. Sherlock : “DG. Winder Drives using 
Mercury-Are Rectifier/Inverters”. 


ROYAL METEOROLOGICAL SoctgtTy (in the oteenee Hall, County 
Hall, London, 8.E.1), at 5.80 p.m.—Mr. H. H. Lamb: “Weather ip 
the Polar Regions” (Popular Lecture for Sixth: form Scholars). 


UNIVERSITY OF LONDON (at the London School of seen and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at 5.30 p.m.—Dr. H. O. Schild: “Mechanism of Anaph ylaxis. ne 
(Ninth of fifteen lectures on “The Scientific Basis of Medicine” organ- 
ized by the British Postgraduate Medical Federation. Further lectures 
on November 19, 21, 26, 28 and December 8 and 5.) 


INSTITUTE OF METALS, METAL PHysics CoMMITTER (at 17 a wey 
Square, London, S.W. 1), at 6.30 p.m.—Dr. T. H. Blewitt (U.S.A.) 
The Low- -Temperature Deformation of Metals”. 
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Friday, November 15 


BIOCHEMICAL SoorEty (at the Westminster Medical School, Horse- 
ferry Road, London, 8.W.1), at 2.15 p.m.—Scientific Papers. 


INSTITUTION OF NAVIGATION (at the Royal Goverap tem I Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m, “8 Beto . Beck ; 
Flight Lieut. C. M. *Moorhen, Mr. P. Houghton, Mr. C 8. Durst, Mr. 
D. O. Fraser, Mr. T. Gray and others : “Doppler Navigation”. 


INSTITUTION OF MECHANICAL gy (at 1 ae Walk, 
Westminster, London, 8.W.1), a m.—Prof. J. P. den Hartog: 
“Vibration—a Survey ‘of Industrial Apeeaiboas® (Thomas Hawksley 

cture) 


ROYAL SOCIETY OF MEDICINE, RADIOLOGY SECTION (at 1 Wimpole 
Street, London, W.1), 2t 8.15 p.m.—Dr. G. E. Donovan and Mr. E, 
Stafford : “Vision, Wiscastaaiy and Electronics in Radiography”. 


RoyaL INSTITUTION (at 21 Albemarle Street, London, W.1), 
at 9 p.m.—Dr. John Ramsbottom: ‘Mushrooms, Toadstools and 
Other Fungi”. 


Saturday, November 16 


BRITISH PSYCHOLOGICAL Society (in the Gustave Tuck Theatre, 
University College, Gower Street, London, W.C.1), at 2.30 p.m.— 
Dr. Howard E, Page : “Trends in American Psychology”. 


Lonpon County CounciL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Dr. G. H. 8 
Bushnell: “The Art of Ancient Peru’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned ; 

LECTURER IN ASTRONOMY—The Secretary of University Court, 
the University, Glasgow (November 14). 

LECTURER (with an honours degree in chemistry) IN THE DEPARTe 
MENT OF CHEMISTRY, Canterbury University College, Christchurch, 
New Zealand—The ‘Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand, November 15). 

LECTURERS (3) (with appropriate academic and/or professional 
qualifications and sound industri:l experience) IN THE ENGINEERING 
DEPARTMENT (two in Mechanical Engineering and one in Production 
Engineering)— The Pri.cipal, Welsh College of Advanced Technology, 
Cardiff (November 15). 

ASSISTANT BIOCHEMIST, Basic grade (with a science degree, prefer- 
ably with honours in biochemistry or chemistry, or the A. ELC.) 

The House Gover.or, The General Hospital, Steelhouse Lane, Siem. 
ingham 4 (November 16). 

SENIOR LECTURER IN ELECTRONIO ENGINEERING at Bri wee 
Technical College, to be responsible for the subject to final 
standard—The Director of Education, 54 Old Steine, Brighton 
(November 16). 

SENIOR RESEARCH FELLOW (graduate in mining, physics, mathe- 
matics or engineering, with postgraduate experience, preferably in 
the field of applied mechanics) IN THE POSTGRADUATE SCHOOL OF 
MINING, to undertake a study of the mechanics of rock fracture in 
Pegr) processes—The Registrar, The University, Sheffield (Novem- 

er 16). 

READER IN PHYSICAL METALLURGY; READER IN INDUSTRIAL 
METALLURGY ; and a READER IN ELECTRICAL ENGINEERING (HEAVY 
CuRRENT)—The Registrar, College of Technology, Suffolk Street, 
Birmingham 1 (November 18). 

PRINCIPAL (with high academic qualifications and wide experience, 
preferably including experience in industry and in technical educa- 
tion) of the City College of Technology, Liverpool—The Director of 
Education, 14 Sir Thomas Street, Liverpool 1 (November 20). 

SENIOR LECTURER or LECTURER IN PHILOSOPHY at the University 
of Khartoum—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (November 20). 

HEAD (well-qualified graduate of a British university) OF THE 
ELECTRICAL ENGINEERING DEPARTMENT—The Clerk to the Govern- 
ing ~ Battersea College of Technology, London, 8.W.11 (Novem- 

r 22). 

IMPERIAL CHEMICAL INDUSTRIES FELLOW at Durham or Newcastle- 
upon-Tyne, for research in Engineering, Chemistry, Physics and allied 
subjects, including the biological ap —— of chemistry—The 
a. University Office, 46 North Bailey, Durham (Novem- 

er 2 

LECTURER IN THE DEPARTMENT OF ELECTRIO POWER ENGINEERING 
—The Registrar, The University, Liverpool (November 23). 

RESEARCH ASSISTANT (with an honours shee ge in physics or engineer- 
ing or equivalent qualifications) IN DEPARTMENT OF AERO- 
NAUTICAL ENGINEERING, to take choc in initial investi, — in (a) the 
construction of a hypersonic ock tube and (b) copter blade 
oscillations—The Secretary and_Registrar, The tnivent y, South- 
ampton (November 23). 

LECTURER (with a good ye — and age teaching 
experience) IN CHEMISTRY ; LECTURER (with a good honours 
degree and | rage vito mp i varkenee) IN PHysics at the Nigerian 
College of Arts, Science and Technology—The Council for Overseas 
Coes 1 Woburn Square, London, E.C,1 (November 25). 

ESEARCH ASSISTANT (interested in physiology, physics or bio- 
aun IN THE DEPARTMENT OF ANASTHETICS, to work as part of 
a group engaged in studying the problems of spontaneous and artificial 
a in man—The Registrar, The University, Leeds 2 (Novem- 

r 

Rn ny cena or a first- or second-class honours degree 

n geology) IN THE EOLOGY—The Clerk to the 
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Goto Chelsea Collewe of Science and Technology, Manresa 
London, 8.W.3 (November 30). 
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LEOTURER (with a research degree in chemistry) IN CHEMISTRY 
in the Faculty of Engineering, University of Melbourne, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, December 6). 

LECTURER IN THE DEPARTMENT OF PATHOLOGY—The Secretary, 
The University, Bear nage ge (December 7). 

LECTURER (graduate a British university, or with equivalent 
qualifications and experience) IN PuHysics at the U' niversity of Hong 
Kong—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Hong Kong, 
December 14). 

LECTURER IN THE DEPARTMENT OF PHILOSOPHY, University of the 
Witwatersrand, Johannesburg, South Africa—The Secretary, Associa- 
tion of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (South Africa, December 15). 

RESEARCH FELLOW IN THE DEPARTMENT OF NUCLEAR PHYSICS, 
Research School of Physical Studies, Australian National University— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (December 31). 

SENIOR LECTURER IN BIOCHEMISTRY at the University of Mel- 
bourne, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
December 31). 

SENIOR LECTURER IN GEOLOGY at the University of Melbourne, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
December 31). 

DIRECTOR OF THE COMMONWEALTH BUREAU OF HELMINTHOLOGY, 
St. Albans—The Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Bucks (February 15). 

AGRONOMIST (with at least a second-class honours degree in agri- 
culture or botany with two years’ postgraduate training or experience 
leading inter alia to a sound knowledge of experimental method) 
IN THE DEPARTMENT OF AGRICULTURE, Uganda, to collect and study 
herbage plants and to pursue generally ‘the improvement of ley we 

~The Director of Recruitment, Colonial Office, London, 8.W.1 
quoting BCD.63/9/020. 

BOTANIST (preferably male, between the ages of 23 and 32, with a 
good honours degree in botany with postgraduate training or ex- 
perience in plant breeding, and preferably an agricultural background), 
at the Rice Research Station, Rokupr, Sierra Leone, to investigate 
general botanical problems concerned with rice growing in West 
Africa—The Director of Recruitment, Colonial Office, London, 8.W.1, 
quoting BCD.63/15/014. 

ELECTRO-ENCEPHALOGRAPH RECORDIST, sGoute I—The Personnel 
Officer, St. Thomas’s Hospital, London, S.E.1. 

MASTER (with a good honours degree in physics) TO TEACH PHYSICS 
to university scholarship level—The Headmaster, School House, 
Rugby, Warwickshire. 

ORGANIC CHEMIST (male, preferably Ph.D.) at the Sheffield Centre 
for the Investigation and Treatment of Rheumatic Diseases, to work 
with a team in the steroid field—The Group Secretary, Sheffield No. 1 
Hospital Management Committee, Nether Edge Hospital, Sheffield 11. 

Puysicist (Basic grade), for work with the 15 MeV Linear Accel- 
erator Research Unit or in the Hospital Physics Department—The 
Clerk to the Governors, St. Bartholomew’s Hospital, London, E.C.1. 

Puysictst, for work concerned with medical applications of radio- 
active isotopes—The Secretary, Institute of Cancer Research, Royal 
Cancer Hospital, Fulham Road, London, 8.W.3. 

READER; a SENIOR LECTURER; and a LECTURER IN THE DEPART- 
MENT OF APPLIED Puysics—The Sec retary, Northampton College 
of Advanced Technology, St. John Street, London, E.C.1. 

RESEARCH ASSISTANT (BIOCHEMIST or graduate with similar quali- 
fications), for investigating chemical aspects in a general programme 
on mass culture of marine micro-alge—The Zoology Department, 
The University, Southampton. 

RESEARCH OvFicer (female, with an honours degree in bacteriology, 
microbiology or zoology)—The Secretary, The Research Institute 
(Animal Virus Diseases), Pirbright. Surrey. 

SENIOR TECHNICIAN (with good workshop experience) IN THE 
RADIOTHERAPY DEPARTMENT, to assist in research on moving beam 
radiotherapy—The Secretary, Royal Northern Hospital, Holloway 
Road, London, N.7. 

TECHNICAL ASSISTANT (graduate in chemistry, bioc hemistry or 
physiology), to assist with biochemical research into certain aspects 
of diabetes—The Professor of Physiology, The Medical School, King’s 
College, Newcastle-upon-Tyne 1. 

TECHNICAL SUB-EDITOR (with a knowledge 
Chemistry and Industry—The General Secretary, 8.C.1., 
Square, London, 8.W.1. 

TRCHNICIAN (preferably with some experience of work in a geo- 
logical laboratory) IN THE GEOLOGY DEPARTMENT, for work covering 
a wide field involving the preparation of material for teaching and 
research purposes—Head of the Department of pe Chelsea 
College of Science and Technology, Manresa Road, London, 8.W.3. 


of chemistry) for 
14 Belgrave 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Kent Incorporated Society for Promoting Experiments in Horti- 
Peat East Malling Research Station. East Malling Research 
rts, 1913-53: Abstracts and Index. Pp. viii+175. Subject 
ae ex of Papers published from East Malling Research Station in 
ublications other than the Annual Reports between 1913 and 1953. 
.1+08. (East Malling : East Malling Research Station, 1957.) [168 
Aero Research Technical Notes. Bulletin No. 176 (August, 1957) : 
Glued Beams and Lattice Trusses. Pp. 10. (Duaford : Aero Research 
Limited, 1957.) 
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Department of Scientific and Industrial Research. Food Investiga- 
tion. Technical Paper No. 5: Diffusion and Equilibrium Properties 
of Water in Starch. By Dr. Barry P. Fish. Pp. heal plates, 
(London: H.M. Stationery Office, 1957.) 4s. 6d. ni [168 

London School of Hygiene and Tropical Medicine, The Ross 
Institute: Industrial Advisory Committee. Bulletin No. 7 (Re-written 
March, 1957): Malaria and Tis Control for Planters and a. By G. 
Macdonald. Pp. 62. (London: London School of Hygiene and 
Tropical Medicine, incorporati ‘the Ross Institute, “1987. ) [228 

General Register Office. Studies on Medical and id mc nog Sub- 
een No. 10: Tuberculosis ae for England and Wales, 1938- 

Ey Analysis of Trends and Geographical Distribution. vy Dr. 

. Logan and Dr, B. Benjamin. . 1ii+56. (London: H.M. 


Stationery Office, 1957.) 48, net, (238 
PLB. hb raat 1957 edition. 
{238 
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Petroleum Information Bureau. 
(London: Petroleum Information Bureau, 1957 

Northampton College of Advanced Technology, London. Prospectus 
of Part-time Day and Evening Courses, Session, 1957-58. Pp. 44. 
Prospectus of Sandwich Courses. Pp. 24412 * plates. (London : 
Northampton College of Advanced Technology, 1957.) [179 


Other Countries 


Mitteilungen aus der Biologischen Bundesanstalt fiir Land- und 
Forstwirtschaft, Berlin-Dahlem. Heft 89 (Juli 1957): Begrenzungs- 
faktoren einer Gradation der Roten Kiefernbuschhornblattwespe 
(Neodiprion sertifer Geoffr.) un Sitidwestdeutschland 1953 bis 1956. 
Von Dr. Otto Friedrich Niklas und Dr. Jost Franz. Pp. 40. (Berlin- 
Dahlem: Biologische Bundesanstalt fir Land- und orstwirtschaft, 
1957.) 5 D.M. 168 

British Guiana. Report on the Geological Survey Department for 
the year 1955. Pp. ii+146. (Georgetown: Geological Survey, 
1956.) 2 dollars: 8s. 4d, 

Indian Council of Agricultural Research. Congas of Indian 
Insects. Part 28: Anthribidae (Coleoptera). By D N. Mathur, 
Pp. ii+65. (New aaa Indian Council of Aaiedeeal Research, 
1957.) Rs. 2/50/- ; [228 

Colony of Singapore, Annual Report of the Botanic Gardens Depart- 


ment for 1956. By J. W. Purseglove. Pp. iv+24+6 plates. (Singa- 
pore: Government * Publications Bureau, 1957.) 1.50 Malayan 
dollars. [228 


Technological Laboratory. 
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Indian Central Cotton Committee : 
Technological Bulletin, Series A, No. 91: 
Trade Varieties of Indian Cottons, 1956. By Dr. R. 


Pp. iv+92. (Bombay: Indian Central Cotton * Soiiaaiaen, 1957.) 
8. 2, 228 
Tobacco Research Board of Rhodesia and Nyasaland. Fertilizing 


Flue-Cured Tobacco. Pp. 12. (Salisbury : Tobacco Research Board 
of Rhodesia and Nyasaland, 1957.) [179 

Primo Symposium Europeo sulla Biochimica degli Antibiotici 
organizzato dal Giornale di Microbiologia, Milano, 10-13 Settembre 
1956. (Giornale di Microbiologia, Vol. 2, Nr. 1-3, Luglio-Decembre, 
1956.) Pp. viii+503. (Milano: Giornale di "Microbiologia, Via 
Donatello 36.) 179 

Uganda Protectorate. Annual Report of the Forest Department for 
the year ended 31st December, 1956. Pp. viii+62+4 plates. (Entebbe: 
Government Printer, 1957.) Shs. 3/25. 179 

Government of Bombay. Annual Public Health Report for the year 
1955. Pp. vii+485. (Bombay: Government Publications Sales 
Department ; London: High Commissioner for India, 1956.) Rs.3 As 
12; 6s. 6d. 179 

Smithsonian Institution: Bureau of American Ethnology. Bulletin 
165: Music of Acoma, Isleta, Cochiti and Zufii Pueblos. By Frances 
Densmore. Pp. xii+117+6 plates. (Washington, D.C.: Govern- 
ment Printing Office, 1957.) 70 cents. {179 

Museum of Comparative Zoology at Harvard College. Breviora. 
No. 76 (June 18, 1957): Two New Land and Freshwater Mollusks from 
New Guinea. By William J. Clench. . 4. No. 77 (June 21, 1957): 
Dacetinops, a New Ant Genus from New Guinea. By W. L. Brown, Jr., 
and E. O. Wilson. Pp. 7. No. 78 (June 21, 1957): The Larva of the 
Ant Genus Dacetinops Brown and Wilson. By George C. Wheeler and 
Jeanette Wheeler. Pp. 4. No. 79 (August 9, 1957): "Seeeeis Medici 
Lamuensis, a New Race of Egg-Eating Snake (Ophidia, Reptilia) from 
Coastal East Africa. By Carl Gans. Pp. 13. (Cambridge, Mass. : 
Museum of Comparative Zoology at Harvard College, 1957.) {179 

Bulletin of the Museum of Comparative Zoology at Harvard College. 
Vol. 116, No. 7: The Chinese esac pecies (Lepidoptera, 
Ctenuchidae). By Nicholas S. Obraztsov. its 389-436 +4 plates. 
Vol. 116, No. 8: a Comparative +e on Study of the Proventri- 
culus of Ants (Hymenoptera: Formicidae). By Thomas Eisner. 
Pp. 437-490 +-25 plates. Vol. 116, No. 9: The Ixodes rasus Group of 
African Ticks with descriptions of Four New Species (Ixodoidea, 
Ixodidae). By Don R. Arthur, in collaboration with Colin Burrow. 
Pp. 491-538. (Cambridge, Mass.: Museum of Comparative Zoology 
at Harvard College, 1957.) {179 
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Special purpose and 
universal electronic computers 


A SPECIAL PURPOSE DIGITAL COMPUTER 
This computer forms part of a Kinetic Heat Simulator Equipment 
providing the control, from a number of variable values, for a group 
of heating stations. 


The double DEUCE instal- 
lation at the Royal Aircraft 
Establishment, Farnborough. 


DEUCE is one of the most versatile computers and has the largest installed capacity in Europe 
of machines of comparable type. It is available for direct sale or its facilities may be utilised 
on a time/hire basis. Fully staffed and equipped computing centres are maintained at Marconi 
House, London, and the Nelson Research Laboratories, Stafford. 


ENGLISH ELECTRIC 


Please address enquires for DEUCE and Special Purpose Computers to 
THE ENGLISH ELECTRIC COMPANY LIMITED 
CONTROL AND ELECTRONICS DEPARTMENT 
KIDSGROVE, STOKE-ON-TRENT, STAFFS. Tel. No: Kidsgrove 2141/3 





THE ENGLISH ELECTRIC Company LIMITED, MARCONI Housg, STRAND, LONDON, W.C.2 


EDC. 5A WorKS: STAFFORD - PRESTON + RUGBY + BRADFORD : LIVERPOOL -: ACCRINGTON 
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BAKER 
INTENSE 


6 volts 30 watts 


PHOTOMICROGRAPHIC 
CAMERA for 35 mm. film 


With corrected condenser, filter holder, field iris and Write for full details of our extensive 


transformer. A powerful lamp for all microscopical range of Photomicrographic Apparatus 
purposes. 


Cc. BAKER OF HOLBORN LTD. R. & J. BECK LTD. 


Metron Works - Purley Way * Croydon * Surrey 
CROydon 3845-6-7 69/71 MORTIMER STREET, LONDON, W.1 




















Safe with 


any vacuum 


T. & M. METAL VACUUM DESICCATOR © 


(with plate glass window) 


GUARANTEED AGAINST COLLAPSE 


(It is certainly expensive but it works) 
Ny Fae - SEALS ON TO RUBBER RING 


(No greasy flanges) 


ALL METAL VACUUM TAP 


(Available also for your glass desiccators) 


TOWNSON & MERCER LIMITED 
CROYDON Telephone: THOrnton Heath 6262 ENGLAND 1 
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